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MONTREAL", Montreal, Quebec, Canada, to whom all interest in the present 
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Related appeals and interferenrAs 

There are no pending appeals or interferences related to this case. 

(Hi) Status of claims 

Claims 2, 9, 15 and 19 are cancelled. 

Claims 1, 3-8, 10-14, 16-18 and 20-24 are currently pending, stand rejected in 
the Final Office action mailed September 6, 2007, and are under appeal. 

(iv) Status of amendments 

No amendment has been filed subsequent to the outstanding Final Action. 

(v) Summary of claimed subject matter 

Independent claim 1 is the only independent claim and is directed to a method for 
improving reendothelization and vascular endothelial function following vascular injury, 
such as injury associated with percutaneous transluminal coronary angioplasty (PTCA) 
(for example at page 2, lines 8 to 10 and lines 21 and 22), which comprises 
administering, at an injured site in the lumen of a blood vessel (i.e. local administration), 
an effective amount of 17-B estradiol or a derivative thereof with a device (e.g., a 
catheter). The 17-p estradiol or a derivative is present in a dose unit of 1 to 5000 ug/Kg 
of patient's body weight. Support for improving reendothelization and vascular 
endothelial function following vascular injury can be found, for example, at page 21, 
lines 4 and 5. Support for the administration at an injured site in the lumen of a blood 
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vessel having suffered vascular injury, can be found, for example, at page 21 , lines 3 to 
5, and in original claim 1 . Support for the 17-0 estradiol or a derivative being present in 
a dose unit of 1 to 5000 ug/Kg of patient's body weight can be found, for example, at 
page 5, lines 23 and 24 and in original claim 4. 



fvi) Grounds of rejer. tion to be reviewed on a ppeal 

This appeal presents five issues: 

1 . Whether claim 24 is unpatentable under the second paragraph of 35 U.S.C. § 
112. 

2. Whether claims 1, 3-4, 8, 10, 12-14, 16-18, 20 and 22-24 are unpatentable under 
35 U.S.C. § 103(a), over the combination of U.S. Patent No. 5,866,561 to Mark T. Ungs 
("Ungs"), O'Brien and Bauters et at. 

3. Whether claims 5-7, 1 1 and 21 are unpatentable under 35 U.S.C. § 1 03(a) over 
the combination of U.S. Patent No. 5,866,561 to Mark T. Ungs ("Ungs"), O'Brien, 
Bauters etal. and Pitha (US Patent No. 4,727,064). 

4. Whether claims 1 , 3-4, 8, 10-14, 16-18 and 20-24 are unpatentable under 35 
U.S.C. § 103(a) over the combination of U.S. Patent No. 5,866,561 to Mark T. Ungs 
("Ungs"), Fontana (US 5,384,332) and Grainger etal. (US 6,1 17,911). 

5. Whether claims 5-7 are unpatentable under 35 U.S.C. § 1 03(a) over the 
combination of U.S. Patent No. 5,866,561 to Mark T. Ungs ("Ungs"), Fontana (US 
5,384,332), Grainger et al. (US 6,117,911) and Pitha (US Patent No. 4,727,064). 
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(vii) Argument 

1. The rejection of claim 24 under the second paragraph of 35 U.S.C. § 112 Is 
improper and should be reversed. ' 

Claim 24, which depends from claim 1, is rejected under the second paragraph of 

35 U.S.C. § 1 12 as allegedly being indefinite. The sole basis for this rejection is that the 

term "therapeutic moiety" in claim 24 lacks antecedent basis in claim 1. Notably, the 

final Action does not allege that the offending term itself is in any way unclear, or that 

the scope of claim 24 cannot be ascertained. That alone is fatal to the rejection. 

Moreover, Appellant respectfully submits that the term "therapeutic moiety" is well 

known in the art to refer to any chemical entity having a therapeutic effect, and would be 

clearly understood as such by the skilled person. That the term is not recited per se in 

claim 1 is not relevant. Claim 24 requires that the therapeutic moiety be "administered." 

The thing administered in claim 1 is "17-0 estradiol or a derivative thereof in an 

effective amount to improve reendothelization and vascular endothelial function. There 

is no reasonable argument that "therapeutic moiety" in claim 24 refers to anything other 

than "17-0 estradiol or a derivative thereof," and that the latter term by implication 

provides antecedent basis for the former. Energizer Holdings, Inc. v. Intn'l Trade 

Comm'n., 435 F.3d 1366, 1370, 77 USPQ2d 1625, 1628 Fed. Cir. 2006) ("When the 

meaning of the claim would reasonably be understood by persons of ordinary skill when 

read in light of the specification, the claim is not subject to invalidity upon departure from 

the protocol of 'antecedent basis'"). Further, as noted in the MPEP, "[ojbviously, 

however, the failure to provide explicit antecedent basis for terms does not always 

render a claim indefinite. If the scope of a claim would be reasonably ascertainable by 
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those skilled in the art, then the claim is not indefinite." MPEP § 2173.05(e); see also 
cases cited therein. In view of the foregoing, Appellant respectfully submits that the 
scope of claim 24 would be readily ascertained by one of ordinary skill in the art, and 
thus that claim 24 is not indefinite and is in compliance with 35 U.S.C. 112, second 
paragraph. 



US C T S h 10 r ^ Ct L°c n K O - C,a, T V" 4 'u 8 ' 1 °' 12 - 14 ' 16 " 18 ' 20 and 22 " 24 u " de ' 35 
m « of JS! bemg a,,e 9 e£ % obvious over the combination of U.S. Patent 

£ sasti^- ungs < " un9s ">' °' Brien and b — °< - * 

Ungs (Evidence Appendix at 0044-47) was published on February 2, 1999, less 
than one year prior to the effective filing date of the present application (September 21 , 
1999). Appellant respectfully submits that Ungs can only be used in a rejection under 
35 U.S.C. 103(a)/1 02(e). 

The Office relies on Ungs as allegedly suggesting the application of estrogen to 
stenosed, dilated vessels after PTCA to prevent restenosis. At page 4 of the Final 
Office action mailed September 6, 2007, it is alleged, in reference to a statement found 
at column 1, lines 49-51, of Ungs: "Ungs teaches ...that administration of estrogen to 
the stenosed, dilated region after PTCA has been suggested for the purpose of 
preventing restenosis... and thus teaches administration to an injured site, i.e. one that 
has been injured by PTCA". 

The statement found at column 1, lines 49-51, of Ungs reads as follows: 
"Administration of estrogen to the stenosed. dilated rpginn after PTCA has thus been 
suggested for the purposes of preventing restenosis" [emphasis added]. As exemplified 
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by the use of "thus" and "suggested" in the above-mentioned statement, Ungs is not 
referring to his own work, but is clearly interpreting the work of others, more particularly 
two prior art documents discussed at column 1, lines 40-49, of Ungs (U.S. Patent Nos. 
5,516,528 (Hughes et a/.; Evidence Appendix at 0135-0145) and 5,376,652 (Javitt; 
Evidence Appendix at 0146-0152)). Therefore, the skilled person reading Ungs would 
be directly led to these two references. 1 

Hughes et al. is concerned with oral, transdermal or implant delivery of 
compositions comprising a combination of estrogen and phytoestrogen and their use to 
reduce the risk of coronary heart disease (CHD) and osteoporosis in post-menoposal 
women. Therefore, Hughes et al. is clearly directed to oral, daily administration of 
estrogen and phytoestrogen to decrease osteoporosis- and CHD-related morbidity and 
mortality in post-menoposal women, and not to administration of estrogen to the 
stenosed, dilated region after PTCA for the purposes of preventing restenosis. 

Javitt discloses a method for preventing or reducing restonosis comprising 
administration of 27-hydroxycholesterol or related compound or sterol-27-hydroxylase 
stimulant {e.g., estrogen). Javitt teaches administration through the use of liquid and 
solid formulations, and also through the use of parenteral injectables (see column 4, 
lines 16-18). Thus, Javitt teaches systemic {e.g., oral or intravenous) administration of 
27-hydroxycholesterol or related compound or sterol-27-hydroxylase stimulant for 
preventing or treating restenosis following blood vessel injury. It does not disclose 



1 Po'rtions of the Hughes and Javitt references were discussed at page 6 of the June 5 
2007 Amendment. For the Board's convenience, copies of the entire references are 
included in the Evidence Appendix. 
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administration of estrogen to the stenosed. dilated reninn (j. e . to an injured site) after 
PTCA for the purposes of preventing restenosis. 

In view of the foregoing, Appellant respectfully submits that Ungs has clearly 
misinterpreted the teaching of the prior art, and that such a misleading assessment of 
the prior art cannot be relied upon for the present rejection. Appellant respectfully 
submits that someone considering the prior art documents referred to by Ungs for all 
they fairly teach would not be left with the suggestion to administer a specific amount of 
17-p estradiol with a device at an injured site to improve reendothelization and vascular 
endothelial function following vascular injury, as presently claimed. 

Appellant also respectfully submits that Ungs teach away from the present 
invention. Ungs teaches that PTCA is not always a successful solution or even a viable 
treatment option (Col. 1, lines 52 and 53) and treatment to increase perfusion to heart 
tissue (i.e. angiogenesis) in place of PTCA would be desirable (Col. 1, lines 62 and 63). 
Therefore, Ungs suggests a solution to replace PTCA, while the aim of the present 
invention is to improve reendothelization and vascular endothelial function following 
vascular injury, such as an injury following PTCA (and is thus a complement to PTCA). 
Ungs thus teaches away from Appellant's solution by suggesting that angiogenesis 
induction by estrogen could replace PTCA, and discourages research in the very field 
where Appellant made his invention. That is the antithesis of obviousness. In re 
Rosenberger, 386 F.2d 1015, 1018,156 USPQ 24, 26 (CCPA 1967). 

The Action also relies on O'Brien (Evidence Appendix at 0048-55) as allegedly 
suggesting that restenosis is reduced by the inhibition of proliferation of smooth 
muscular cells (SMCs). Appellant respectfully disagrees and submits that O'Brien 
7 
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merely suggests several potential mechanisms of action for the ability of estrogens to 
modulate restonesis in postmenoposal women, including effects on lipoprotein levels, 
vasoconstriction and cellular migration/proliferation. O'Brien clearly admits at page 
1116, left column, that the results concerning the effect of estrogen on the proliferation 
of SMCs have been conflicting, and specifically refers to a study in nonhuman primates, 
the model most closely related to humans, in which it was concluded that estrogens do 
not inhibit balloon-induced proliferation of SMCs. In any case it is also reiterated that 
the present claims recite a method of improving reendothelization and vascular 
endothelial function rather than a method of inhibiting SMCs proliferation. The Board is 
respectfully referred to Dr. Stack's Declaration of record (Evidence Appendix at 0001- 
43). This Declaration was originally submitted to the Japanese Patent Office during the 
prosecution of the Japanese counterpart of the present application, and establishes that 
restenosis and reendothelization are two independent events that are affected 
differently by different compounds, and that it cannot be predicted whether an agent 
known to prevent or reduce smooth muscle cell proliferation and/or to prevent or reduce 
blood vessel wall thickening will also promote reendothelization (Dec. at, e.g., flf 12- 
14). O'Brien is silent about the effect of 17-0 estradiol on improving reendothelization 
and vascular endothelial function. 

Therefore, the skilled person reading O'Brien would be left with the suggestion 
that (1) the exact mechanism(s) of action underlying the ability of estrogens to modulate 
restenosis are unknown; and (2) there is absolutely no expectation of success that 
administration of estrogens will have an effect on SMCs proliferation in humans, given 
the fact that this was not observed in nonhuman primates. Therefore, O'Brien fails to 

8 
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disclose or suggest administering a specific amount of 1 7-3 estradiol with a device at an 
injured site to improve reendothelization and vascular endothelial function following 
vascular injury, as presently claimed. 

The Action also relies on Bauters (Evidence Appendix at 0056-65) as allegedly 
suggesting the connection between restenosis/SMC proliferation and reendothelization. 
Bauters discloses that endothelial cells may maintain SMC quiescence through the 
growth inhibitory effect of NO and that dysfunctional regenerating endothelium in which 
NO production is compromised may contribute to the development of a thickened intima 
because of reduced inhibition of platelet aggregation and SMC proliferation. 
Importantly, Bauters also teaches that restenosis is clearly a multifactorial entity whose 
pathogenesis is caused by a combination of factors including SMC proliferation, 
elaboration of extracellular matrix (ECM), thrombosis and vascular remodelling. 
Bauters also discloses that the contribution of these individual elements does not 
appear to be consistently proportional from one patient to another, or even one lesion to 
another in the same patient, (see page 113, left column). Therefore, upon a fair reading 
of Bauters, the skilled person would conclude (1) that the potential factors, or 
combination of factors, contributing to restenosis cannot be determined precisely and 
may vary from one subject to another, or even one lesion to another in the same 
subject, and (2) that SMC proliferation, one of these alleged factors, may be influenced 
by the status of the endothelium. Appellant respectfully submits that someone 
considering the teaching of Bauters would not be left with the suggestion that 
administration of a specific amount of 17-|3 estradiol with a device at an injured site 
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would improve reendothelization and vascular endothelial function following vascular 
injury, as presently claimed. 

In view of the foregoing, Appellant respectfully submits that the Office has failed 
to establish a prima facie case of obviousness. 

Appellant also respectfully submits that ex post facto analysis of the invention 
and ex post facto synthesis of an artificially contrived mosaic of documents is improper 
to establish obviousness. The Office, starting from the present application as a guide 
through the prior art references, specifically chooses and combines bit and pieces from 
different references, irrespective of the general teaching of these references, in a way to 
try to arrive at the claimed invention, which is impermissible. "[0]ne cannot simply 
backtrack from the invention to find a connection to the prior art. Hindsight must be 
avoided." (Nursery Supplies Inc. v. Lerio Corp., 45 USPQ2d 1332, 1334 (M.D. Pa. 
1997), citing W.L. Gore and Assoc., Inc. v. Garlock, Inc., 721 F.2d 1540, 220 USPQ 303 
(Fed. Cir. 1983), cert, denied, 469 U.S. 851 (1984)). Furthermore, the Federal Circuit 
has stated that "selective hindsight is no more applicable to the design of experiments 
than it is to the combination of prior art teachings. There must be a reason or 
suggestion in the art for selecting the procedure used, other than the knowledge learned 
from the applicant's disclosure." In re Dow Chemical Co. 837 F.2d 469, 473, 5 U.S.P.Q. 
2d (BNA) 1529, 1532 (Fed Cir. 1988). 

It is clear from the teaching of O'Brien that there is absolutely no expectation of 
success that administration of estrogens will have an effect on SMCs proliferation in 
humans, given the fact that this was not observed in nonhuman primates. In fact, the 
results obtained in nonhuman primates teach away from using estrogens to inhibit 
10 
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SMCs proliferation in humans. Furthermore, it is also clear from the teaching of Bauters 
that the potential factors, or combination of factors, contributing to restenosis cannot be 
determined precisely and may vary from one subject to another, or even one lesion to 
another in the same subject and that SMC proliferation, one of these alleged factors, 
may be influenced by the status of the endothelium. It appears that the Office is 
applying an improper "obvious to try" rationale in support of the obviousness rejection. 
See In re O'Farrell, 853 F.2d 894, 7 U.S.P.Q. 2d (BNA) 1673 (Fed Cir. 1988), in which 
the Federal Circuit acknowledged that it is improper to reject a claim when what was 
"obvious to try" would have been to vary all parameters or try each of the numerous 
possible choices until one possibly arrived at the successful results, where the prior art 
gave either no indication of which parameters were critical or no direction as to which of 
many possible choices is likely to be successful. Again, the expectation of success 
must be objectively determined from the perspective of a person or ordinary skilled in 
the art (i.e. not that of the inventors) at the time the invention was mart* and importantly 
this determination must not be influenced or biased by hindsight, notably by the fact that 
the inventors were successful. Appellant respectfully submits that there was no 
reasonable expectation of success, at the time the invention was made, that 
administration of a specific amount of estradiol with a device at an injured site of a blood 
vessel would improve reendothelization and vascular endothelial function. 

Appellant respectfully submits that Ungs, O'Brien et al. and Bauters et al., taken 
alone or in combination, fail to teach all the elements of claim 1, and thus that a prima 
facie case of obviousness has not been established. None of these references 
discloses or suggests the administration of 17-p estradiol or a derivative thereof inan 
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amount effective to improve rea n rtot l Wrre tinn anH )asm , SBmm „„.„„ 

presently claimed. Further, these references are also silent ahou. the 17-B estradiol or 
derivative thereof being present in a dose unit nf 1 ,n snnn „ msm hnr| . as 
recited in instant claim 1. 

The Office alleges that Ungs teaches administering the same compound via the 
same method as that instantly claimed, and to reduce the incidence of restenosis 
following a treatment such as PICA that induces vascular injury, „ is considered that 
the method of Ungs would necessarily also improve reendothelization and vascular 
endothelial function in a patient having vascular suffered vascular injury. Appellant 
respectfully disagrees and submits that i, is impreper to assume that the method 
disclosed would also improve reendothelization and vascular endothelial function, 
inherency cannot be based on mere probabilities or possibilities. 'The mere absence 
[from the reference] of an explicit requirement [of the claim) cannot reasonably be 
construed as an affirmative statement that [the requirement is in the referencef. In re 
George R E vaneg a and Wlnfried Albert, 82 9 F.2d 1110, 1112, 4 USPQ2d 1249, 1251 
(Fed. Cir. 1987). Furthermore, that a certain result or characteristic may occur or be 
present in the prior art is not sufficient to establish the inherency of that result or 
characteristic. A prima fade case of unpatentability is not established merely by 
specutetion that claim elements are "probably satisfied" by the prior art. /„ re RiJcKaert, 9 
F.3d 1531, 1534, 28 USPQ2d 1955, 1957 (Fed. Cir. 1993). Inherency may no, be 
established by prebabMes or possibles. The mere fact that a certain thing may result 
from a given set of circumstances is not sufficient. In re Robertson, 169 F.3d 743, 745, 
49 USPQ2d 1949, 1950-51 (Fed. Cir. 1999). "In relying upon the theory of inherency, the 

12 
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Examiner must provide a basis in fact and/or technical reasoning to reasonably support 
the determination that the allegedly inherent characteristic necessarily flows from the 
teachings of the applied prior art." Ex parte Levy, 17 USPQ2d 1461, 1464 (Bd. Pat. App. 
& Inter. 1990). 

It is well known that the biological effects of an agent vary considerably with the 
dose administered, sometimes over several orders of magnitude. The present inventors 
have shown that administration of 17-0 estradiol in a dose unit of 1 to 5000 ug/Kg of the 
patient's body results in improved reendothelization and vascular endothelial function. 
Ungs discloses that estrogens may be used to induce angiogenesis, but does not 
provide any indication of the dose that is effective to achieve this biological effect. It is 
possible that the doses of estrogens that induce angiogenesis are different than those 
which improve reendothelization and vascular endothelial function, and there is no 
indication that the method taught by Ungs would improve reendothelization and 
vascular endothelial function in a patient having suffered vascular injury. 

In regards to the amount of 17-0 estradiol, the Office mentions that it is 
considered that one of ordinary skilled in the art would have found it obvious to vary 
and/or optimize the amount of 17-0 estradiol provided in the method, according to the 
guidance provided by Ungs, to provide the desired treatment, such as the desired 
reduction in restenosis. Appellant respectfully disagrees and submits that Ungs fails to 
provide any guidance with respect to the dose of 17-0 estradiol that may be 
administered. Furthermore, it is submitted that Ungs is concerned with a different 
biological effect, namely inducing angiogenesis, and thus even if Ungs would have 
provided any guidance with respect of the amount of estradiol (which is clearly not the 
13 
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case), it would be totally irrelevant to the method of the present invention which aims at 
improving reendothelization and vascular endothelial function. 

The Office further refers to In re Aller, 220 F. 2d 454, 456, 105 USPQ 233, 235 
(CCPA 1955), where it was stated: "[WJhere the general conditions of a claim are 
disclosed in the prior art, it is not inventive to discover the optimum or workable ranges 
by routine experiments". Appellant respectfully submits that Aller is inapplicable. First, 
in Aller, the claimed process and the process of the prior art were for the same purpose , 
namely to produce phenol from an organic peroxide. In contrast, the present claims are 
directed to the improvement of reendothelization and vascular endothelial function, 
whereas Ungs relates to the induction of angiogenesis. Secondly, in the prior art 
considered in Aller, specific values were disclosed with respect to the conditions 
(namely the temperature and the concentration of sulphuric acid) under which the 
process could be performed, and the claimed process only recited slightly different 
values for these two parameters (i.e. lower temperatures and higher concentrations of 
sulphuric acid). In contrast, Ungs fails to disclose or suggest any amount of 17-p 
estradiol that may be administered, and thus fails to disclose or suggest the "general 
conditions of the claim". Furthermore, as mentioned above, even if Ungs had provided 
any guidance with respect of the amount of estradiol that may be administered (which is 
not the case), it would be irrelevant to the presently claimed method, which has a 
different purpose than the method of Ungs. 
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3. The rejection of claims 5-7, 11 and 21 under 35 U.S.C. § 103(a) as being 
allegedly obvious over the combination of U.S. Patent No. 5,866,561 to Mark T. 
Ungs ("Ungs"), O'Brien, Bauters et al. and Pitha (US Patent No. 4,727,064) is 
improper and should be reversed. 

Ungs, O'Brien et al. and Bauters et al. have been discussed in detail above, and 
for the same reasons do not make out a prima facie case of obviousness with respect to 
claims 5-7, 11 and 21 . Further, Pitha (Evidence Appendix at 0066-73) does not remedy 
the defects in Ungs, O'Brien et al. and Bauters et al. Indeed, Pitha is relied on merely 
as suggesting that hydroxypropyl-beta-cyclodextrin may be used to solubilize estradiol. 
However, it is respectfully submitted that Pitha is not combinable with Ungs. While 
Pitha does discuss solubilizing estradiol in hydroxypropyl beta-cyclodextrin, that is in the 
context of preparing suitable topical, parenteral, oral or buccal preparations (see col. 2, 
lines 45-61). It says nothing about the applicability of its teachings in the context of a 
deyjce (e.g., for PTCA or coated stents). One of ordinary skill working with drug 
application via PTCA would not look to Pitha, or be led by it or the combination of 
references to the inventions of claims 5-7, 1 1 and 21 . 

4. The rejection of claims 1, 3-4, 8, 10-14, 16-18 and 20-24 under 35 U.S.C. § 
103(a) as being allegedly obvious over the combination of U.S. Patent No. 
5,866,561 to Mark T. Ungs ("Ungs"), Fontana (US 5,384,332) and Grainger et a/. 
(US 6,117,911) is improper and should be reversed. 

Ungs has been discussed in detail above, and for the same reasons does not 
make out a prima facie case of obviousness with respect to claims 1, 3-4, 8, 10-14, 16- 
18 and 20-24. Appellant respectfully submits that Fontana (Evidence Appendix at 0074- 
79) and Grainger (Evidence Appendix at 0080-134) do not remedy the defects in Ungs. 
15 
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Fontana teaches a method for inhibition of aortal smooth muscle cell proliferation 
and restenosis using 1,1,2-triphenylbut-1-ene derivatives in humans. Fontana teaches 
that the compound can be administered through the oral, rectal, transdermal, 
intramuscular or intranasal route (col. 5, lines 28-31). Finally, the teachings of Fontana 
regarding the amount of estradiol (i.e. 0.1 to 99.9% by weight of the formulation) is 
irrelevant, since it relates specifically to the formulation of the medicament and not to 
the amount administered to the patient. Also Fontana refers to the amount of 1.1.2- 
triphenylbut-1-ene derivatives (not the amount of 17-B estradiol) and is concerned with 
oral, rectal, transdermal, intramuscular or intranasal formulations. Appellant respectfully 
submits that there is nothing in Fontana that teaches or suggests that the administration 
of a specific amount of 17-B estradiol with a device at an injured site would improve 
reendothelization and v ascular endothelial function following vascular injury, as 
presently claimed. 

Appellant respectfully submits that Grainger et al. does not render the present 
invention obvious. Grainger et al. teaches a method of treating a mammal having, or at 
risk of, an indication associated with a TGF-beta deficiency (e.g., atherosclerosis) 
comprising administering one or more agents that is effective to elevate the level of 
TGF-beta, more particularly an aspirinate. Appellant respectfully submits that 
aspirinates and estrogens (e.g., 17-B estradiol) have totally different structures and 
belong to different categories of compounds, and thus the fact that Grainger teaches 
that aspirinates have an effect on SMCs proliferation and reendothelization is irrelevant 
to the present invention, which relates to 17-B estradiol. There is nothing in Grainger 
that teaches or suggests that the administration of a specific amount of 17-B estradiol 
16 
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with a device at an injured site would improve reendothelization and vascular 
endothelial function following vascular injury, as presently claimed. 

Therefore, neither Fontana nor Grainger et ai. suggests that administration of a 
specific amount of 17-p estradiol with a device at an injured site would improve 
reendothelization and vascular endothelial function following vascular injury, as 
presently claimed. As mentioned above, Ungs is also silent about the improvement of 
reendothelization and vascular endothelial function by administration of 17-p estradiol at 
the injured site of a vessel. Also, none of these references discloses or suggests the 
administration of 17-p estradiol or a derivative thereof in an amount effective to improve 
reendothelization and vascular endothelial funntinn as presently claimed. Further, 
these references are also silent about the 17-p estradiol or derivative thereof being 
present in a dose unit of 1 to 5000 uo/ Ka of the patient's hnriy as recited in instant 
claim 1 . The lack of teaching of Ungs with respect to the amount of 17-p estradiol has 
been discussed in detail above. The teaching of Fontana regarding the amount of 
estradiol (i.e. 0.1 to 99.9% by weight of the formulation) is irrelevant, since it relates 
specifically to the formulation of the medicament and not to the amount administered to 
the patient. Also Fontana refers to the amount of 1 , 1 .2-triPhenvlbut-1 -ene derivative 
(not the amount of 17-p estradiol) and is concerned with oral, rectal, transdermal, 
intramuscular or intranasal formulations. 

In view of the foregoing, Appellant respectfully submits that Ungs, Fontana and 
Grainger et al., taken alone or in combination, fail to teach all the elements of claims 1, 
3-4, 8, 10-14, 16-18 and 20-24, and thus that a prima facie case of obviousness has not 
been established. 

17 
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5 The rejection of claims 5-7 under 35 U.S.C. § 103(a) as being allegedly 
obvious over the combination of U.S. Patent No. 5,866,561 to Mark T. Ungs 
L * n9 f. ' F °" tana (US 5 ' 384 ' 332 >' Grainger et al. (US 6,117,911) and Pitha (US 
Patent No. 4,727,064) is improper and should be reversed. 1 

Ungs, Fontana and Grainger et al. have been discussed in detail above, and for 
the same reasons do not make out a prima facie case of obviousness with respect to 
claims 5-7. Further, Pitha does not remedy the defects in Ungs, Fontana and Grainger 
et al. Indeed, Pitha is relied on merely as suggesting that 
hydroxypropyl-beta-cyclodextrin may be used to solubilize estradiol. However, it is 
respectfully submitted that Pitha is not combinable with Ungs. While Pitha does discuss 
solubilizing estradiol in hydroxypropyl beta-cyciodextrin, that is in the context of 
preparing suitable topical, parenteral, oral or buccal preparations (see col. 2, lines 45- 
61), it says nothing about the applicability of its teachings in the context of a device 
(e.g., for PTCA or coated stents). One of ordinary skill working with drug application via 
PTCA would not look to Pitha, or be led by it or the combination of references to the 
inventions of claims 5-7. 

Conclusion 

Appellant respectfully requests that the rejections of claims 1, 3-8, 10-14, 16-18 
and 20-24 be reversed. 
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Respectfully submitted, 

Institut de Cardiologie de Montreal (ICM) 



Glenn E. Karta 
Reg. No. 30,649 

Rothwell, Figg, Ernst & Manbeck, P.C. 
1425 K Street, N.W., Suite 800 
Washington, D.C. 20005 
Tel: (202) 783-6040 



Dated: June 5, 2008 
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(viii) Claims Appendix 

1 . A method of improving reendothelization and vascular endothelial function 
in a patient in need of such improvement, which comprises administering to said patient 
17-p estradiol or a derivative thereof, in an amount effective to improve 
reendothelization and vascular endothelial function, with a device at an injured site in 
the lumen of a blood vessel having suffered vascular injury, wherein the 17-p estradiol 
or a derivative thereof is present in a dose unit of 1 to 5000 ug/Kg of patient's body 
weight. 

3. The method of claim 1 , wherein the 1 7-p estradiol or a derivative thereof is 
present in a dose unit of 10 to 50 ug/Kg of patient's body weight. 

4. The method of claim 1 , wherein the 1 7-P estradiol or a derivative thereof is 
present in a dose unit of 1 0 to 30 ug/Kg of patient's body weight. 

5. The method of claim 1 , wherein the 1 7-p estradiol or derivative thereof is 
present in a pharmaceutical^ acceptable carrier wherein said pharmaceutical^ 
acceptable carrier comprises hydroxypropyl-beta-cyclodextrin (HPCD). 

6. The method of claim 5, wherein the HPCD is present in an amount 
capable of solubilizing the 17-p estradiol or a derivative thereof. 

7. The method of claim 4, wherein said 17-p estradiol or a derivative thereof 
is administered admixed with a carrier comprising at least 0.63 mg hydroxypropyl beta 
cyclodextrin per kilogram of patient's body weight. 

8. The method of claim 1 , which comprises a single administration. 
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10. The method of claim 1, wherein the device is a catheter containing said 
1 7-p estradiol or derivative thereof, and a pharmaceutically acceptable carrier. 

1 1 . The method of claim 1 , wherein the device is a stent coated with said 1 7-p 
estradiol or derivative thereof, and a pharmaceutically acceptable carrier. 

12. The method of claim 1 , wherein said 1 7-p estradiol or derivative thereof is 
administered following percutaneous transluminal coronary angioplasty (PTCA). 

13. The method of claim 1 , wherein said 1 7-p estradiol or derivative thereof is 
administered simultaneously to percutaneous transluminal coronary angioplasty 
(PTCA). 

14. The method of claim 1 , wherein said method uses 1 7-p estradiol. 

16. The method of claim 14, wherein the 17-p estradiol is present in a dose 
unit of 10 to 50 ug/Kg of patient's body weight. 

17. The method of claim 14, wherein the 17-p estradiol is present in a dose 
unit of 10 to 30 pg/Kg of patient's body weight. 

1 8. The method of claim 1 4, which comprises a single administration. 

20. The method of claim 14, wherein the device is a catheter containing said 
17-P estradiol, and a pharmaceutically acceptable carrier. 

21 . The method of claim 1 4, wherein the device is a stent coated with said 1 7- 
P estradiol, and a pharmaceutically acceptable carrier. 
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22. The method of claim 14, wherein said 17-(5 estradiol is administered 
following percutaneous transluminal coronary angioplasty (PTCA). 

23. The method of claim 14, wherein said 17-p estradiol is administered 
simultaneously to percutaneous transluminal coronary angioplasty (PTCA). 

24. The method of claim 1 , wherein said 1 7-p estradiol or derivative thereof is 
the only therapeutic moiety administered. 
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(ix) Evidence appendix 

1 . Declaration by Dr. Richard Stack and his Resume, filed 

January 23, 2006 00Q1 

2. Ungs U.S. Patent No. 5,866,561 cited by Examiner 0 044 

3. O'Brien reference cited by Examiner 0048 

4. Bauters reference cited by Examiner 0056 

5. Pitha U.S. Patent No. 4,727,064 cited by Examiner 0 066 

6. Fontana U.S. Patent No. 5,384,332 cited by Examiner 0074 

7. Grainger U.S. Patent No. 6,117,911 cited by Examiner 0080 

8. Hughes U.S. Patent No. 5,51 6,528 discussed in the Amendment filed 
June5 ' 2007 0135 

9. Javitt U.S. Patent No. 5,376,652 discussed in the Amendment filed 

June5 ' 2007 0146 
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. J h * reb >' C6rti, y ttet correspondence is being deposited with the United States 
Postal Services on the dote set forth below as First Class MaH in an enwlow addressed to- 
f ° T Pat8n,B * P '°- B ° X 1450 ' Atoandrta, VA 22313-1450. 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: fnstitut de Cardiologie de Montreal 

Serial No.: 2001-5324583 

F,,ed: September 21, 2000 

For: Local Delivery Of 1 7-Beta Estradiol For 

Preventing Vascular Intima Hyperplasia And 
for Improving Vascular Endothelial Function 
After Vascular Injury 

Examiner: Hidenori ARAKI 



DECLARATION 



Dear Sir: 

1. I, Richard Sean Stack, M.D., FACC, residing at 106 Alder Place, Chapel 
Hill, NC 27517, am Professor Emeritus of Cardiology at Duke University 
Medical Center, Erwin Rd., Durham, NC. 2771 0 

2. I have been conducting research in the field of angioplasty and restenosis 
for 26 years and have published more than 350 scientific publications on 
Hie subject. I have numerous close associates in the Japanese 
Cardiology Community and have appeared as Guest of Honor at many 
Japanese national meetings such as the Japanese Coronary Association. 
Please find enclosed a copy of my resume. 

Blood vessels, endothelium and smooth mn^b caIi* 

3. All blood vessels follow a similar histological makeup in the arterial 
system. The inner lining is the endothelium, followed by subendothelial 
connective tissue. Then follows a muscular layer of vascular smooth 
muscle. Finally, there is a further layer of connective tissue termed the 
adventitia, which contains nerves that supply the muscular layer, as well 
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as nutrient capillaries in the larger blood vessel. The amount of collagen 
and elastic fibers within the vessel wall can vary with the size of a given 
vessel. 

4. The endothelium is a layer of thin, flat cells, i.e. endothelial cells, that lines 
the interior, surface of biood vessels, forming an interface between 
circulating blood in the lumen and the rest of the vessel wall. 

5. Endothelial cells are distinct by their function and by their nature from 
smooth muscle cells. Smooth muscle cells are responsible for the 
contraction and dilatation of blood vessels. Endothelial are characterized 
by their permeability and thus assist in absorbing nutrients from the blood 
and releasing them in surrounding tissues. Endothelial cells also play a 
role in inflammation and are responsible for the release of a vasodilator, 
namely nitric oxide and other anti-thrombotic substances like tissue- 
plasminpgen activator. 

Restenosis 

6. When an abnormal narrowing of a biood vessel's channel (i.e. stenosis), 
occurs, it may be necessary to insert a device in the vessel to increase 
the channel's size. This revascularization technique is called angioplasty. 
During angioplasty, the blood vessel may be injured by the insertion of the 
device. The injury to the vessel generally consists in scraping away the 
first layers of the blood vessel wall including the innermost layer, the 
endothelium and variable tearing of the atherosclerotic wall. 

7. This injury may then lead to a "restenosis", namely a re-obstruction of the 
« blood vessel channel. This re-obstruction is the result of a number of 

events including pathological proliferation and migration of smooth muscle 
cells which cause thickening of the blood vessel wall and a narrowing of 
the blood vessel wall. 
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Prevention of restenoses 

8. In order to prevent restenosis, it is thus useful to inhibit smooth muscle 
cell proliferation, namely prevent smooth muscle cells to multiply. 

9. More recently, it was found however that in order to prevent restenosis, it 
is also useful to promote vessel repair, namely promote the 
regeneratation of the endothelium and consequently a restoration of the 
endothelial function such as nitric oxide release. The regeneration of 
endothelium is also called "reendothelization". 

10. There are a number of agents known to prevent or reduce smooth muscle 
cell proliferation and/or to prevent or reduce blood vessel wall thickening. 
In fact most anti-restenosis agent are anti-proliferative agents that seek to 
prevent proliferation of smooth muscle cells. 

11. Very few agents are known to promote blood vessel wall repair. In fact, 
until recently, very few appreciated the usefulness of regenerating the 
endothelium. On the contrary, many believed in a toxic approach such as 
brachytherapy to kill smooth muscle cells and avoid the endothelium to 
repair. 

12. It is my experience that it cannot be predicted whether an agent known to 
prevent or reduce smooth muscle cell proliferation and/or to prevent or 
reduce blood vessel wall thickening will also promote reendothelization. 

13.lndeed, substances able to Inhibit smooth muscle cell proliferation or 
m,gration do not systematically also improve reendothelialization or 
vascular function. Hence paclitaxel and sirolimus are anti-proliferative 
agents that do not promote reendothelization. 

14. In my opinion therefore, the knowledge that beta-estradiol had an ability to 
reduce smooth muscle cell proliferation was not sufficient, for someone 



0003 



07/28/2005 10:46 



PAGE 05/05 



skilled in the art, to predict that beta-estradrol could also promote 
reendothelization and endothelial function. 
15. 1 declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be 
true. 

Respectfully submitted, 
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CONTACT INFORMATION: 



HOME ADDRESS : 
BUSINESS ADDRESS : 



PHONE: 

FAX: 

E-MAIL : 



106 Alder Place, Chapel Hill, North Carolina 27514 

Synecor, LLC 
President 
3908 Patriot Drive 
Suite 170 

Durham, NC 27703 

919-880-6691 
919-541-9978 
rsstack@aol.com 



DATE OF BIRTH : May 14, 1949 (Detroit, Michigan) 

MEDICAL EDUCATION : 



1972-1976 

1976- 1977 

1977- 1978 

1978- 1979 

1979- 1982 



Wayne State University Medical School, Detroit, Michigan 
Internship (Internal Medicine), Harper Hospital, Wayne State 
University, Detroit, Michigan 

Residency (Internal Medicine), Harper Hospital, Wayne State 
University, Detroit, Michigan 

Chief Resident (Internal Medicine), Harper Hospital, Wayne State 
University, Detroit, Michigan 

Fellowship (Cardiology), Duke University Medical Center, 
Durham, North Carolina 27710 
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MEDICAL POSITIONS AND POSTS: 



1982-1983 



Instructor in Medicine (Cardiology), 

Duke University Medical Center, Durham, North Carolina 27710 

Senior Staff Physician, Director, Coronary Care Unit, 

Durham VA Medical Center, Durham, North Carolina 27710 

Assistant Professor of Medicine (Cardiology), 

Duke University Medical Center, Durham, North Carolina 2771 0 

Founder and Director of Interventional Cardiology, 

Duke University Medical Center, Durham, North Carolina 2771 0 

Associate Professor of Medicine (Cardiology, tenured), 

Duke University Medical Center, Durham, North Carolina 27710 

Professor of Medicine (Cardiology, tenured), 

Duke University Medical Center, Durham, North Carolina 27710 

Professor Emeritus, Dept. of Medicine (Cardiology) 



1982-1984 



1983-1989 



1983-2002 



1989-1997 



1997-2002 



2002-Present 



GRANTS AND AWARDS : 

1 . Wayne State University Research award for best medical student research - 1 976. 

2. Duke University Inman award for best basic science research in cardiology - 1 980. 

3. GRANT: Coronary Blood Flow Velocity in Ischemic Heart Disease NHLB1 No. R01 
HL37608-01 - Active 1987-1990, Principal Investigator 

4. GRANT: Bypass Angioplasty Revascularization Investigation (BART) Clinical Trial NHLB1 
NO. UOl HL38516-01 - Active 1987-1991, Co-principal Investigator 

5. GRANT: Development of Peripheral and Coronary Vascular Bioabsorbable Stent Prostheses 
NHLB1 No. 2 P50 HL17670-16 - Active 1990-1991, Principal Investigator 

6. International Award for Best Experimental Research in 1 995 presented by Eramus University 
Thoraxcenter, Netherlands. 

7. Who's Who In America - Cardiology - 1 997 

8. The Best Doctors in America - Cardiology - 1997 

9. Distinguished Alumni Award, Wayne State University School of Medicine 2001 

10. Professor Emeritus granted by Duke Board of Trustees 

11. "Richard S. Stack, MD Professorship" Permanent Endowed Chair - Duke University 
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ORGANIZATIONS : 

American Heart Association 

American College of Cardiology 

American Medical Association 

North Carolina Medical Society 

North Carolina Heart Association 

Duke Biomedical Engineering Industrial Advisory Board 

CERTIFICATIONS : 

Board Certification: American Board of Internal Medicine 

Subspecialty Board Certification: American Board of Internal Medicine, Cardiology 
Fellow, American College of Cardiology 

MEDICAL LICENSURE : 

North Carolina 
California 

INTERVENTIONAL DEVICE INVENTIONS: (55 US Patents and Patents Pending) 



A. Patents Issued: (24 patents) 



|january 13, 2004 


J|6,675.809 


fSatiation devices and methods 


|january 6, 2004 


[[6,673,891 


_]|PoIymers for delivering nitric oxide in vivo 






jlDeplovment and recovery control svstems for 


|Novemberll,2003 


jj6.645.223 


_Jembolic protection devices 






jjSystem and device for minimizing embolic risk 


jJuly 15, 2003 


||6,592.616 


jjduring an interventional procedure 


[April 1,2003 


J6.540.722 


[|Embolic protection devices 


(January 14, 2003 


J[6j06.203 


||Low profile sheathless embolic protection system 


[November 19, 2002 


J6.481.262 


||Stent crimping tool 


|October22, 2002 




llStent delivery catheter with bumpers for improved 




jj6.468.299 


[[retention of balloon expandable stents 


|August 20, 2002 


J6.436.132 


J|Composite intraluminal prostheses 


[June 11, 2002 


J6.403.759 


||Polymers for delivering nitric oxide in vivo 


[November 27, 2001 


J6.322.490 




|july24,2001 




llStent delivery catheter with bumpers for improved 




|6.264.683 


Jretention of balloon expandable stents 


|July24,2001 


116.264.671 


J | Stent delivery catheter and method of use 
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|Mavl5.2001 |j6.232.434 


Polymers for delivering nitric oxide in vivo 


[December 26, 2000 jj6.165.196 


Perfusion-occlusion apparatus 


|October 31, 2000 Jj6.139.511 


Guidewire with variable coil configuration 


jjune 23, 1998 Jl5.770.645 


Polymers for delivering nitric oxide in vivo 


|june 18, 1996 


5,527,337 


Bioabsorbable stent and method of making the 




same 


|Augnst 30, 1994 ||5.342.393 


Method and device for vascular repair 


|ApriI26,1994 [(5.306.286 


Absorbable stent 


|October22, 1991 


j5.059.211 


Absorbable vascular stent 


jMarch 6, 1990 


[4,905,689 


Method of using a laser catheter 


|Septemberl9, 1989 




Percutaneous axial atheroectomy catheter assembly 


j4.867.156 


and method of using the same 


|August8,1989 


J4.854.315 


Laser catheter 





B. Patents Pending and Published by US P 



it Office: 19 Patent Applications 
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April 30, 2001 



June 7,2001 



June 7, 2001 




December 29, 2000 


20010020083 


Novel Polymers for Delivering nitric oxide in 


VIVO 


December 22, 2000 


20020042625 


Perfusion-occlusion aDDaratus and methods 



C. PatentsPending - Submitted to Patent Office and not yet published (less than 18 months since 
submission): 12 Patent Applications 

BOARD OF DIIRECTORS 
Barosense Inc 

Bioabsorbable Vascular Solutions Inc 
IRMInc. 

Interventional Therapeutic Solutions Inc 

CellPace Inc. 

SynecorLLC 

EXTRACURRICULAR ACTIVITIES : 
• Martial arts : 6™ Degree Black Belt: To Shin Do 



9 th Degree Black Belt: Ninjustsu 

SCIENTIFIC PUBLICATIONS : 333 Manuscripts, Chapters, Books, 
and Abstracts 
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ABSTRACTS 

1. Reddy BP, Lee CC, Stack RS, Taylor M, Weissler AM. Left ventricular performance in 
coronary artery disease by systolic time intervals and echocardiography. Circulation 60:49- 
50, 1974. 

2. Wanderman KL, Goldberg JJ, Stack RS, Weissler AM. Left ventricular performance in 
mitral regurgitation by systolic time intervals and echocardiography. Circulation 54 98 
1976. 

3 . Sohn YH, Stack RS, Taylor M, Weissler AM. The sensitivity and specificity of systolic time 
intervals in detecting abnormal left ventricular performance in coronary artery disease. 
Circulation 56:11, 1977. 

4. Stack RS, Schirmer B, Greenfield JD Jr. Coronary artery luminal diameters in normal and 
hypertrophied canine ventricles. Circulation 62:64, 1980. 

5. Stack RS, Sohn YH, Weissler AM. Accuracy of systolic time intervals in detecting 
abnormal left ventricular performance in coronary artery disease. Cardiol Digest, October 
1981. 

6. Stack RS, Ramage JE, Phillips HR, Kisslo J. Validation of in-vivo two dimensional 
echocardiographic dimension measurements. Circulation 64:1205, 1981. 

7. Reiter MJ, Hammill SC, Stack RS, Waugh RA, Shand DG. Safety of combined oral plus 
intravenous verapamil therapy. Circulation 66:270, 1982. 

8. Stack RS, Phillips HR, Grierson D, Kong Y, Peter RH, Behar VS. Changes in segmental 
function of jeopardized myocardium following streptokinase infustion. Circulation 66- 1344 
1982. 

9. Colavita PG, Ideker RE, Reimer KA, Hackel DB, Stack RS. The spectrum of pathology 
associated with percutaneous angioplasty. J Am Coll Cardiol 5:525, 1985. 

10. Stack RS, Hinohara T, Simpson JB, Carlson EB, Phillips HR, Behar VS, Peter RH. The 
reperfusion catheter: A new technique to reestablish blood flow following refractory 
coronary occlusion during PTCA. Circulation 72:867, 1985 



11. Hinohara T, Carlson EB, Phillips HR, Behar VS, Kong Y, Peter RH, Stack RS. 
Angiographic changes occurring within 24 hours of PTCA. Circulation 72:873, 1985. 
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12. Hinohara T, Simpson JB, Phillips HR, Carlson EB, O'Callahan W, Stack RS. Experience 
with use of the reperfusion catheter prior to emergency bypass surgery. J Am Coll Cardiol 
7:153A, 1986. 

13. Stack RS, Phillips HR, Hinohara T, O'Callahan W, Weber R, Califf R. Safety and efficacy 
of air transport in the management of patients with acute myocardial infarction Clin Res 
34.-346A, 1986. 

14. Kates RA, Stack RS, Hill RF, Carlson EB, Hinohara T, Hlatky M, Reves JG. General 
anesthesia during emergency percutaneous coronary angioplasty for acute myocardial 
infarction. Clin Res 34:312A, 1986. 

1 5. Stack RS, Hinohara T, Phillips HR, Morris KG, Behar VS, Kong Yihong, Peter RH, Califf 
RM. Management of acute myocardial infarction by immediate percutaneous transluminal 
coronary angioplasty. Clin Res 34:345 A, 1 986. 

16. Hinohara T, Morris KG, Stack RS. Correction of pressure measurement errors associated 
with fluid-filled catheter systems. Clin Res 34:308 A, 1986. 

1 7. Bellinger RL, O'Callahan WG, Simonton CA, Phillips HR, Califf RM, Ramirez N, Hoffman 
P, Weber R, Stack RS. Safety and efficacy of emergency air transport in the management of 
patients with acute myocardial infarction. Circulation 74:147, 1986. 

1 8. Hinohara T, Phillips HR, O'Callahan WG, Carlson EB, Stack RS. Further late improvement 
of left ventricular function 6 months following successful reperfusion during acute 
myocardial infarction with PTCA. Circulation 74:276, 1 986. 

19. Collins GJ, Califf RM, Phillips HR, Peter RH, Kong Y, Behar VS, Stack RS. Quantitative 
angiographic changes occurring within 24 hours and one week following treatment with 
tissue plasminogen activator in patients randomized to immediate and late angioplasty 
Circulation 74:275, 1986. 

20. Mclntyre RW, Kates R, Clements F, deBruijn N, Flezzani P, Hill RF, Karis J, Massagee T, 
Ruff R Croughwell N, CRNA, Davis D, CRNA, Hlatky MA, Stack RS, Jacobs JR, B.E.S.[ 
Schilling MM, M.T. (ASCP), Su YF, Ph.D., Reves JG. The effect of general anesthesia on 
the stress response to acute myocardial infarction. Anesthesiology 65:A48, 1986. 

21. Califf RM, Kereiakes DJ, George BS, O'Neill WW, Abbottsmith CW, Candela RJ, Stack 
RS, Topol EJ. Failure to reperfuse with tissue plasminogen activator predicts high 
reocclusion rate after angioplasty. Circulation 74:25, 1986. 

22. Topol EJ, Califf RM, George BS, Kereiakes DJ, Abbottsmith CW, Timmis GC, Candela RJ, 
Stack RS, O'Neill WW. A multicenter randomized trial of intravenous recombinant issue 
plasminogen activator and emergency coronary angioplasty for acute myocardial infarction: 
Preliminary report from the TAMI Study. Circulation 74:23, 1986. 
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23 . Simonton CA, O'Callahan WG, Hinohara T, Mark DB, Ramirez NM, Phillips RH, Peter RH, 
Behar VS, Kong Y, Morris KG, Stack RS. Restenosis risk following emergent percutaneous 
transluminal coronary angioplasty (PTCA) for acute myocardial infarction versus elective 
PTCS: A comparison study and multi variable analysis of risk factors. International 
Symposium on Interventional Cardiology, 16th Annual Symposium of the Texas Heart 
Institute, Sept. 21-23, 1986. 

24. O'Callahan WG, Hinohara T, Phillips HR, Peter RH, Behar VS, Kong Y, Morris KG, 
Simonton CA, Ramirez N, Carlson EB, Stack RS. Time course of improvement in regional 
and global left ventricular performance following combined streptokinase and emergency 
coronary angioplasty in acute myocardial infarction. International Symposium on 
Interventional Cardiology, 16th Annual Symposium of the Texas Heart Institute, Sept. 21- 
23, 1986. 

25. Stack RS, O'Callahan WG, Hinohara T, Simonton CA, Ramirez N, Bellinger R, Collins G, 
Behar VS, Peter RH, Kong Y, Morris KG, Carlson EB, Phillips HR. Emergency 
percutaneous transluminal coronary angioplasty for the management for acute myocardial 
infarction. International Symposium on Interventional Cardiology, 16th Annual Symposium 
of the Texas Heart Institute, Sept. 21-23, 1986. 

26. Bellinger RL, Califf RM, Collins P, Boeshart J, Collins GJ, Weber R, Stack RS. 
Complications during air transport of patients with acute myocardial infarction. J Am Coll 
Cardiol 9:22A, 1987. 

27. Stack RS, Hinohara T, Phillips HR, Morris KG, Behar VS, Kong Y, Peter RH, Carlson EB, 
Simonton CA, Ramirez N, O'Callahan WG, Hoffman P, Califf RM. Treatment of acute 
myocardial infarction with emergency coronary angioplasty. J Am Coll Cardiol 9:232A, 
1987. 

28. Ramirez N, Califf RM, O'Callahan WG, Hinohara T, Mark D, Morris KG, Peter RH, Behar 
VS, Kong Y, Phillips HR, Stack RS. Does clinical indication for coronary angioplasty affect 
outcome? J Am Coll Cardiol 9:182A, 1987. 

29. Collins GJ, Ramirez NM, Hinohara T, Klopovic Z, Phillips HR, Stack RS. The perfusion 
balloon catheter: A new method for safe prolonged coronary dilatation. J Am Coll Cardiol 
9:106A, 1987. 

30. Stack RS, Topol EJ, O'Neill WW, George BS, Candela RJ, Kereiakes DJ, Abbottsmith CW, 
Califf RM. The TAMI Study Group. Abrupt recurrent thrombosis after intravenous tissue 
plasminogen activator and emergency coronary angioplasty in acute myocardial infarction. 
J Am Coll Cardiol 9:232A, 1987. 
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31. Mark DB, O'Connor CM, Pryor DB, Hlatky MA, Stack RS. Multivariable analysis of 
hospital mortality in acute myocardial infarction patients undergoing interventional 
catheterization. J Am Coll Cardiol 9:233A, 1987. 

32. Simonton CA, Mark DB, Hinohara T, Phillips HR, Peter RH, Carlson EB, Morris KG, Stack 
RS. Restenosis following successful coronary angioplasty: A multivariable analysis of 
patient, procedure, and coronary lesion-related risk factors. J Am Coll Cardiol 9-184A 
1987. 

33. Bellinger RL, Wolbarsht ML, Mikat EM, Stack RS. Laser photoablation of human 
atherosclerotic plaque: Comparison of CO2 and mid-infrared lasers. J Am Coll Cardiol 
9: 187 A, 1987. 

34. Kereiakes DJ, Topol EJ, George BS, Candella RJ, Abbottsmith CW, Stack RS, O'Neill WW, 
Califf RM. Emergent coronary bypass preserves left ventricular function following 
intravenous tissue plasminogen activator therapy for acute myocardial infarction. J Am Coll 
Cardiol 9: 191 A, 1987. 

35. Topol EJ, Califf RM, Stack RS, George BS, Kereiakes DJ, Candela RJ, Abbottsmith CW, 
Pitt B, O'Neill WW. A randomized, multicenter trial of intravenous tissue plasminogen 
activator and emergency coronary angioplasty in acute myocardial infarction: Results from 
the TAMI study group. J Am Coll Cardiol 9:231 A, 1987. 

36. O'Neill WW, Kereiakes DJ, Stack RS, George BS, Califf RM, Candella RJ, Abbottsmith 
CW, Topol EJ. Cardiothoracic surgical support as required during interventional therapy of 
myocardial infarction: Results from the TAMI study group. J Am Coll Cardiol 9124A 
1987. 

37. O'Callahan WG, Hinohara T, Phillips HR, Behar VS, Kong Y, Bellinger R, Collins GJ, 
Stack RS. Symptomatic and silent reocclusion following combined streptokinase and 
successful coronary angioplasty in acute myocardial infarction. J Am Coll Cardiol 9T73A 
1987. 

38. Kereiakes DJ, Topol EJ, George BS, Abbottsmith CW, Stack RS, O'Neill WW, Candella 
RJ, Califf RM. Emergent coronary bypass following intravenous recombinant tissue 
plasminogen activator therapy for acute myocardial infarction: Results from a multicenter 
randomized trial. Circulation 74:368, 1986. 

39. Stack RS, Mark DB, Hinohara T, Phillips HR, O'Connor CM, Simonton CA, Ramirez NM, 
Califf RM. Coronary reperfusion during acute myocardial infarction using combined 
coronary angioplasty and high dose intravenous streptokinase. Clin Res 35:328A, 1 987. 

40. Quigley PJ, Perez JA, Mikat EM, Ramirez MN, Collins GJ, Phillips HR. Effect of 
prolonged balloon inflation on arterial hyperplasia in rabbits. Circulation 76:184, 1987. 
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41 . Quigley PJ, HJatky MA, Mark DB, Simonton CA, Hinohara T, Stack RS. Repeat coronary 
angioplasty: frequency and predictors of second restenosis. Circulation 76:215, 1987. 

42. O'Callahan WG, Lee MM, O'Connor CM, Kong Y, Collins GJ, Bellinger RL, Quigley PJ, 
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[57] ABSTRACT 

A method for inducing angiogenesis in blood vessels proxi- 
mal to ischemic tissue or proximal to stenosed regions 
including application of an estrogen compound to the blood 
vessel walls at a treatment site proximal to or upstream of 
the stenosis. A preferred delivery device is a double walled 
drug delivery catheter having porous outer walls. Another 
suitable delivery device is a drug injection device for 
injecting angiogenic material into blood vessel walls. One 
delivery method utilizes iontophoresis. 
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LOCAL DELIVERY OF ESTROGEN FOR gen compounds to blood vessel walls to promote angjogen- 

ANGIOGENESIS esis. Applicants believe estrogen induces angiogenesis 

FIELD OF THE INVENTION (blood vessel growth) and increases permeability. This pro- 

™, . ,. , A „ , . , . , . vides increased local blood circulation through 

The invention relates generally to a method for inducing , lV ,„ „ f „„„ M , s 

■t™;™*™*;* *F m™a „„„„„i ™t,„.,-™ 5 neovascularization, the creation of new blood vessels. 



location for application of the estrogen is 

proximal to, or upstream of, ischemic tissue or a stenosis. 

This creates new blood vessels proximal to the ischemic 

BACKGROUND OF THF INVFNTION lisSUe 0r a stenosis - ^ invention is relatively more ben- 

BACKGROUND OF THE INVENTION 1Q eficia] when pracliced in smallcr b]ood vesseb when Jt is 

Artenosclerosis and the resulting myocardial infarction is considered that smaller vessels are the vessels more likely to 

a leading cause of death, particularly in males. Percutaneous presen , difficulties in being crossed with balloon catheters 

Transluminal Coronary Angioplasty (PTCA) is one treat- and dilated; wb ;i e also being the vessels which lv blood 

ment used to treat patients with coronary artery disease. , Q a smaller area of tissue whjch is bdieved benefit ^ d mos , 
PTCA can relieve myocardial ischemia by dilating lumen 15 f rora angiogenesis 

obstructions, thereby increasing coronary blood flow. ~ ■ t . .... 

Unfortunately, restenosis following PTCA is a significant 0ne m f thod of dchvenn 8 angiogenesis inducing 

problem, occurring about 30% of the time within 6 months. <»npound or estrogen compound includes application with 

Various treatments have been suggested to deal with rest- a double waUed *»« baUoon haviD S a 

porous outer wall. Apreferred catheter is a perfusion balloon 

r , catheter. The balloon can be advanced to a site proximal the 

Administration of compounds for inhibiting vascular - , - ,. , ■ - „ .L ., . 

smooth muscle cell proliferation and restenosis has been ^mc Ussue or stenosis the inner balloon > inflated bnng- 

suggested by Cullinan et al. (U.S. Pat. No. 5,462,937). mgtheouter balloon into close contact with the blood vessel 

Wofds (U.S Pat. No. 5,180,366) discloses an appLcat on of !"* ^ Tfl ^ -T H ^ £ * ? n 

,u ~. „.n ,■» .• , - , j- lumen, thereafter flowing into the space between the balloon 

smooth muscle cell anti-proliferation agents, including 25 . the vessel walls 

estrogen, and endothelial growth factor to inhibit restenosis and 0U ' '° °™ ,he VeSSel Wa " S ' 

has also been suggested. Growth and division of endothelial In vet ano,her embodiment, a balloon envelope is coaled 

cells was said to be promoted while proliferation of smooth wllh a % " scous or o*<=™se difficult to inject estrogen 

muscle cells was believed to be inhibited. containing compound. The balloon envelope and a sheath 

Application of Vascular Endothelial Growth Factor 30 are advanceo co-extensively unUl reaching the U 

,. m ~V., - .... - Kile the. sheath withdrawn anrl the Wflllnnn evnanH. 



(VEGF) as a post-operative wound healing agent after 



site, the sheath withdrawn, and the balloon expanded, forc- 



balloon angioplasty has been suggested, in an amount effec- m 6 lhe impound against the vessel wall, 

live to promote endothelial cell growth by Tischer el al. Another method of delivering the estrogen compound 

(U.S. Pat. No. 5,219,739). Inhibition of smooth muscle cell includes use of iontophoresis. A delivery balloon releases 

proliferation by administration of an effective amount of 35 lne compound within the vessel, where the compound is 

Transforming Growth Factor-beta activators or production i°™ c or c ™ be car » ed along with an ionic material. Elec- 

simulators that act to inhibit vascular smooth muscle cell «r°<tes external to the patients body are used to create an 

proliferation has also been proposed by Grainger el al. (U.S. electric field whlch acls as a driving force to cause molecules 

Pat. No. 5,472,985). to advance toward an oppositely charged pole. 

It is believed that the more common occurence of rest- 40 Yet another method of compound delivery includes 

enosis in men compared to women suggests hormones play advancing a drug delivery catheter having a puncturing 

a role. Oral, transdermal, and implant delivery administra- element lo the delivery site. The puncturing element is 

lion of a therapeutically effective amount of estrogen has moved to puncturing position, the inner wall punctured, and 

been suggested as a method for reducing the risk of heart toe compound injected into the vessel walL An estrogen 

disease by Hughes et al. (U.S. Pal. No. 5,516,528). A method 45 compound could also be coated on a stent and placed at a 

is by administering estrogen in a dose desired delivery site, temporarily or permanently, 
te synthesis of 27-hydroxychIoresterol in 

lelium tissue has also been proposed by BRIEF DESCRIPTION OF THE DRAWINGS 

Javitl(U5. Pat. No. 5,376,652). Administration of estrogen FIG. 1 is a fragmentary side elevational view of a 

to the stenosed dilated region after PTCA has thus been so s(<;nosed vesse , ym oq ^ ^ b 

suggested for the purposes of preventing restenosis. dinal axis and having an estrogen applying 

PTCA is not always a successful solution or even a viable catheter proximaUy thereof; and 

U T5£TT 38 ^ f S,en0Sed regi ° nS ^ Tuf FIG. 2 is an enlarged sectional view of FIG. 1 taken along 

with the required size high pressure balloon which must be 55 ^ 

advanced through the narrowed, occluded vessel region. b r 

Some stenoses are totally blocked, denying entry to a DETAILED DESCRIPTION OF THE 

dililation catheter attempting lo advance within. Olher ves- PREFERRED EMBODIMENTS 
sel regions are too narrow or geometrically too lortuous for 

dilitation. Damage to weakened vessel walls is a possibility 60 A preferred method of estrogen compound material deliv- 
during balloon inflation as well, and may preclude PTCA in ^ includes inflating a balloon having an estrogen corn- 
some cases. Treatment lo increase perfusion to heart tissue, pound covering a substantial portion of lhe balloon. The 
in place of, or in addition to, PTCA would be desirable. compound is thus held in place against the vessel wall, 
„„,„.™.„.. promoting adsorption through the vessel wall. Apreferred 
SUMMARY OF THE INVENTION 65 £ atheter f or d J vely js , B perfusion ballooQ ca f he(er A 

The present invention provides a method for increasing catheter allowing perfusion therethrough allows holding the 

circulation to heart tissue involving the application of estro- estrogen compound against the vessel walls for longer 
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adsorption times while allowing blood to flow through the 
blood vessel. Examples of catheters suitable for estrogen 
compound application are drug delivery catheters as dis- 
closed in U.S. Pat. No. 5,558,642, entitled "Drug Delivery 
Catheter" or U.S. Pat. No. 5,554,119, entitled "Drug Delrv- 5 
ery Catheter with Manifold", the disclosures of which are 
incorporated herein by reference. Another suitable catheter 
is disclosed in U.S. patent application Ser. No. 08/441,618, 
filed May 15, 1995, entitled "Perfusion Balloon Angioplasty 
Catheter", now U.S. Pat. No. 5,591,129, to the present : 
assignee, the disclosure of which is incorporated herein by 
reference. This disclosed catheter can be constructed with a 
porous drug delivery member over the balloon, as illustrated 
in FIG. 1. 

FIG. 1 illustrates a blood vessel 20 having an inner wall 
23, a lumen 26 and stenosed region 30 and a more proximal 
region 24, where stenosed region 22 is more occluded and 
proximal region 24 is less occluded. Stenosed region 22 
includes a stenosis 33 within as representative of an area of 
ischemic tissue. A compound delivery device 40 is 
illustrated, here double walled balloon catheter 40, inserted 
to a treatment site in vessel lumen 26 proximal to or 
upstream of stenosed region 22. Catheter 40 has a balloon 43 
extending from balloon proximal end 42 to balloon distal 
end 44. Balloon 43 includes an inner envelope 48 and an 
outer, porous envelope 46. An interior space 47 lies between 
inner envelope 48 and outer envelope 46. The embodiment 
illustrated includes a proximal protrusion 52 and a distal 
protrusion 50, both shown extending in close proximity to 
vessel inner wall 23. Catheter 40 includes a combination 
perfusion-guide wire lumen 55. 

Catheter 40 is shown containing a guide wire 54 within a 
guide wire lumen 56. Catheter 40 also includes an inflation 
lumen 58 and a compound application lumen 60. Apreferred 
embodiment includes a radiopaque marker band 62. An 
estrogen inducing compound 64 is illustrated within lumen 
60, within interior space 47, outside outer envelope 46, and 
in contact with vessel inner wall 23. Estrogen compound 64 
is shown flowing between holes 45 in outer envelope 46 to 
vessel inner wall 23. 

FIG. 2 illustrates in greater detail estrogen compound 64 
flowing at 65 through holes 45 in outer envelope 46 to vessel 
inner wall 23. The contours and spaces between the catheter 
balloon 43 and the vessel wall 23, along with the thickness 
of estrogen compound 64 are not drawn to scale in FIGS. 1 
and 2, but rather illustrate the application of the present 

In use, guide wire 54 can be advanced through the 
vasculature and just proximal to or through stenosis 30. 
Delivery catheter 40 may then be threaded onto guide wire 
54 and advanced to a position proximal to or upstream of 
stenosis 30. Once in place, inner balloon 43 can be inflated, 
causing outer balloon 46 to more closely approach or touch 
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vessel wall 23. Estrogen compound 64 can then be injected 
into compound lumen 60, forcing the compound into interior 
space 47 and through holes 45 in porous outer balloon 46. 
A preferred method of delivery includes further pressurizing 
inner balloon 48 to force estrogen compound 64 against 
vessel inner wall 23. Another preferred method includes 
injecting compound 64 under pressure while inflation pres- 
sure is being supplied to balloon 48, applying estrogen 
compound 64 under pressure against vessel inner wall 23. 

Preferred estrogen compounds include 17-Beta Estradiol, 
estradiol (E2) or estriol (E3). 

Numerous characteristics and advantages of the invention 
covered by this document have been set forth in the fore- 
going description. It will be understood, however, that this 
disclosure is, in many respects, only illustrative. Changes 
may be made in details, particularly in matters of shape, size, 
and arrangement of parts without exceeding the scope of the 
invention. The inventions's scope is, of course, defined in 
the language in which the appended claims are expressed. 

What is claimed is: 

1. A method for increasing blood flow to ischemic tissue 
proximal to a constricted blood vessel region comprising the 
step of inducing angiogenesis in a less constricted blood 
vessel region proximal to said constricted region by apply- 
ing an effective amount of estrogen compound for causing 
angiogenesis to said less constricted blood vessel region. 

2. The method of claim 1, wherein said method further 
comprises providing an application device, wherein said 
application device is a balloon catheter. 

3. The method of claim 1, wherein said less constricted 
blood vessel region has walls and said applying step 
includes depositing said compound on said walls. 

4. The method of claim 1, wherein said applying device 
is a double walled balloon catheter having a porous outer 

5. The method of claim 4, wherein said catheter includes 
a perfusion lumen. 

6. The method of claim 1, wherein said less constricted 
blood vessel region has walls, said application device is an 
injection device, and said applying step includes injecting 
said compound into said walls. 

7. The method of claim 1, wherein said estrogen com- 
pound is selected from the group consisting of estradiol(E2) 
and estriol(E3). 

8. The method of claim 1, wherein said estrogen com- 
pound is 17-Beta Estradiol. 

9. The method of claim 1, wherein said less constricted 
blood vessel region has walls, and said method includes 
providing an application device including an iontophoresis 

1 device and said applying step includes depositing said 
compound on said walls and transporting said compound 
through said walls utilizing said iontophoresis device. 



0047 



A 1111 

p November 1, I 

INTERVENTIONAL CARDIOLOGY 

Relation Between Estrogen Replacement Therapy and Restenosis After 
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Objectives. We attempted to determine the relation between -0.46 mm, p = 0.01). A regression analysis or the determinants of 
estrogen replacement therapy and the rate of restenosis after late loss in minimal lumen diameter revealed that estrogen use 
coronary angioplasty and atherectomy. was the single most important predictor of subsequent late loss 

Background. Although estrogen replacement therapy in women (F = 13.38, p = 0.0006). Formal testing revealed a highly 
has been associated with a reduction in cardiovascular events and significant interaction between the use of estrogen and interven- 
improvement in endothelial function, no study has examined tion (angioplasty or atherectomy). Women undergoing atherec- 
tomy who received estrogen bad a significantly lower late loss 
index (0.06 vs. -0.63, p = 0.002), less late loss (0.06 vs. -0.61 mm, 
Methods. A total of 204 women enrolled in the Coronary p = 0.0006), larger minimal lumen diameter (p = 0.044) and 
Angioplasty Versus Incisional Atherectomy Trial with angjo- lower; restenosis rates (p = 0.038 for >S0% stenosis) than those . 

not using estrogen. In contrast, estrogen h 

estrogen replacement status was determined. Late loss in minimal 
lumen diameter, late loss index, minimal lumen diameter, rate of 
restenosis >50% and actual percent of stenosis were compared in 
estrogen users and nonusers by 




Results. Late loss in minimal lumen diameter was significantly (J Am Co" Cardiol 1996;28:1111-8) 



Restenosis remains a major limitation to the long-term benefit 
of percutaneous transluminal coronary angioplasty and direc- 
tional coronary atherectomy. Several clinical studies (1-4) 
have reported the rate of angiographically defined late resten- 
osis after angioplasty to be between 30% and 50%. Despite 
multiple clinical trials evaluating numerous pharmacologic 
agents (5-12), few drugs to date have shown any potential to 
significantly reduce the rate of restenosis. However, none of 
these previous studies examined the value of estrogen replace- 
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ment therapy in decreasing the rate of restenosis in selected 
patients. 

Extensive observational data exist detailing an association 
between estrogen replacement therapy and a reduction in 
cardiovascular disease in postmenopausal women. Primarily 
epidemiologic studies have demonstrated a 50% reduction in 
the relative risk of cardiovascular events in postmenopausal 
women taking estrogen compared with those not receiving 
estrogen (13,14). In addition, recent studies (15-27) suggest 
that estrogen may reduce the progression of existing coronary 
artery disease in postmenopausal women, favorably modulate 
the vascular biology of atherosclerotic coronary arteries and 
limit the proliferation of vascular smooth muscle after endo- 
thelial injury. 

Given these potential favorable effects of estrogen on 
coronary vascular biology, we hypothesized that estrogen re- 
placement therapy in postmenopausal women would reduce 
angiographic measures of restenosis and improve functional 
status and clinical outcomes after percutaneous coronary in- 
terventions. To test this hypothesis, we examined the impact of 

O735-1O97/96VS1S.00 
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estrogen on restenosis in the Coronary Angioplasty Versus 
Excisional Atherectomy Trial (CAVEAT I). 

Methods 

Study patients. A detailed description of the trial has been 
published previously (28). Between August 1991 and April 
1992, 275 women who had given written informed consent in 
the United States and Europe were randomized to either 
angioplasty or atherectomy at 35 sites participating in 
CAVEAT I. Ehgjbihty criteria included the presence of symp- 
tomatic ischemic heart disease amenable to treatment with 
either angioplasty or atherectomy, diseased native coronary 
vessels with no previous coronary interventions, and 260% 
stenosis on visual assessment Patients with multivessel disease 
were eligible, but a single target vessel suitable for either 
angioplasty or atherectomy was specified before coronary 
intervention. Although the study protocol considered a resid- 
ual stenosis of <20% optimal, a reduction of lesions to s50% 
diameter stenosis was considered a successful procedure. 

For the current study, we included only the 254 women 
randomized within 32 hospitals participating in CAVEAT I 
within the United States in order to ensure a consistent 
method of data collection and subsequent verification. 

Angiographic analysis. As part of CAVEAT I, the proce- 
dural details of angioplasty and atherectomy and the results of 
cardiac catheterization were collected prospectively. The 
cineangiograms were quantitatively analyzed at the Cleveland 
Clinic Foundation by technicians who had no knowledge of 
intervention assignments or outcome data (28). When multiple 
views of the target lesion were available, the most severe 
hemiaxial view of the stenosis without foreshortening was 
selected for analysis. End-diastolic cine frames from orthogo- 
nal views were digitized with a cine-video converter and a 
computer-assisted edge detection algorithm (29). 

A total of 204 (80%) of 254 eligible women in CAVEAT I 
had angiographic follow-up within 6 months. If a patient 
underwent repeat catheterization before the scheduled proce- 
dure because of a change in clinical status, that angiogram was 
used to obtain follow-up data. The reasons for failure to obtain 
angiographic follow-up included refusal to undergo repeat 
catheterization (27 patients), coronary artery bypass surgery 
(n = 10), death (n = 5), intercurrent illness (n = 2), lost to 
follow-up (n = 5) and withdrawal from the study (n = 1). Of 
the 50 women without angiographic follow-up, 6 were using 
estrogen replacement therapy. Of these six, three subsequently 
had coronary artery bypass surgery and all three refused to 
undergo repeat catheterization. 

End points. The primary angiographic end point for the 
current study was prospectively defined as the mean difference 
in minimal lumen diameter between the 6-month angiogram 
and the postprocedure angiogram (late loss) as determined by 
quantitative angiography. This end point has been used in 
several previous angiographic restenosis trials (4). Secondary 
angiographic end points included 1) the late loss index (late 
loss divided by immediate gain in minimal lumen diameter), 2) 



minimal lumen diameter at follow-up, 3) dichotomous rate of 
restenosis (>50% stenosis), and 4) actual percent stenosis at 
6-month follow-up. 

The clinical end points collected at 1 year included all-cause 
mortality, myocardial infarction, coronary artery bypass sur- 
gery, repeat cardiac catheterization and exertional angina class 
(defined by Canadian Cardiovascular Society, class). A com- 
posite 1-year clinical end point was also denned as death, 
myocardial infarction, coronary artery bypass surgery and 
nonsurgical coronary intervention in the target artery. 

Determination of estrogen replacement use. A total of 246 
(97%) of 254 women previously enrolled in CAVEAT I from 
the United States were contacted between March and May 
1995. Menopausal status and estrogen replacement status at 
the time of randomization and at the 6-month and 1-year 
follow-np were collected by structured telephone interview by 
one investigator who had no knowledge of outcome data. Of 
254 women, 7 could not be contacted by telephone but 
subsequently responded to a mailed questionnaire. A total of 
eight women could not be contacted by telephone or mailed 
questionnaire (six of the eight died after randomization and 
two were lost to follow-up). For the six women who died after 
randomization, both medical . record review and physician 
contact were used to determine estrogen replacement status. 
Nine women were determined to be. premenopausal at the 
time of percutaneous coronary intervention by interview or 
questionnaire and were removed from all subsequent analyses. 
For the purpose of the study, positive estrogen replacement 
status was specified as unopposed estrogen or combined 
estrogen/progestin regimens initiated before the time of initial 
coronary intervention and used continuously through both 
6-month and 1-year follow-up. Any patient who discontinued 
estrogen replacement therapy before angiographic or 1-year 
follow-up was considered to be in the nonestrogen replace- 
ment group (four patients). Positive estrogen replacement 
status was verified for all respondents by a combination of 
medical record review and prescribing physician contact 

Statistical analysis. Baseline characteristics of the estro- 
gen replacement and the nonestrogen replacement groups are 
presented as medians with interquartile ranges for continuous 
variables and percentages for discrete variables. Selected base- 
line characteristics and clinical and angiographic outcomes 
were compared between groups by using the Wilcoxon rank- 
sum test for continuous variables and the Mantel-Haenzel 
chi-square test or Fisher exact test, where appropriate, for 
discrete variables. Kaplan-Meier curves were used to compare 
the probability of clinical outcomes for the 1-year follow-up 
period by estrogen replacement status. The two study groups 
were compared with respect to clinical outcomes and compos- 
ite end point at 1 year with use of the log rank test. The Fisher 
exact test was also used to evaluate angina class at 1 year for 
both groups. Because patients underwent 1-year follow-up at 
varying times, the angina class used as the 1-year follow-up 
value was obtained between 8 and 16 months after random- 
ization. All tests of significance were two-tailed. 

Multiple linear regression was used to assess the association 
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I between late loss in minimal lumen diameter at follow-up and 
I estrogen use after adjusting 'for tnultipife baseline clinical 
| factors known to affect -the rate of restenosis. The independent 
t variables considered in this model included patient age, dia- 
i betes meuitijs,.* current smoking, hypertension, high 'density 
\ lipoprotein level, unstable angina, vessel diameter, preproce- 
\ dure minimal lumen diameter, presence of a lesion in the left 
anterior descending coronary artery, type of coronary inter- 
vention (angioplasty or atherectomy), and use or nonuse of 
estrogen replacement. To investigate whether the effect of 
estrogen use on restenosis differed between patients who 
underwent directional coronary atherectomy versus those who 
had coronary angioplasty, we included a formal test for inter- 
action between coronary intervention andestrogen use. As this 
interaction term (coronary intervention X estrogen use) was 
significant (p = 0.005), we stratified our angiographic out- 
comes by the type of coronary intervention received. In 
addition, unadjusted univariable analyses of the independent 
variables considered in the multivariable model were used to 
evaluate correlates of late loss in m 



Results 

Of243women,47(19%)w 
estrogen or combined estrogeh/progestin regimens before cor- 
onary intervention through the' time of 1-year clinical follow- 
up. Thirty-eight (81%) of these women were taking unopposed 
conjugated equine estrogen (32 patients), estradiol (n = 4) or 
estrone (n = 2). Nine patients reported use of combined 
estrogen/progestin regimens. No woman reported initiating 
estrogen replacement therapy after coronary intervention or 
6-month angiographic follow-up. 

Characteristics of the patients. The baseline characteris- 
tics of the estrogen replacement users and nonusers are shown 
in Table 1. Women receiving estrogen replacement therapy 
were significantly younger, more likely to be smokers and more 
often had a positive family history of coronary artery disease. 
In addition, women using estrogen had significantly higher 
levels of high density lipoprotein and lower baseline rates of 
classes III and IV angina before coronary intervention. The 
two groups were similar with respect to factors associated with 
an increased risk of restenosis, including unstable angina and 
lesion location in the left anterior descending artery. 

Immediate angiographic outcomes. The baseline angio- 
graphic data and immediate interventional outcomes in estro- 
gen users and nonusers are displayed in Table 2. Percent 
stenosis before and after intervention was similar between 
estrogen users and nonusers. Women using estrogen replace- 
ment had smaller minimal lumen diameters before and after 
intervention (p = 0.05 and 0.055, respectively). However, the 
immediate gain for both estrogen users and nonusers varied 
little (0.93 vs. 0.97 mm, p = 0.71). Likewise, immediate success 
rate (defined as <50% stenosis by quantitative angiography) 
was high in both estrogen users and nonusers (89% vs. 89%, 
P = 1.0). 
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Table 1. Baseline Clinica 


1 aad Angiographic Qaractej^tics 






Estrogen 
Users 


Estrogen' 
Nonusers 


P 




(n = 47) 


(n = 196) 


Value 


Age(yr) 


60(52,67) 


64(57.71) 


0.003 


Diabetes 


25% 


33% 


031 




30% 


.17% 






62% 


63% 


0.89 


Cholesterol (mg/dl) 


233(209,261) 


226(199.253) 


034 


" i £S <tyl ' POPIOtel11 


54(41.60) 


39 (32, 50) 


0.002 


Family history of CAD 


61% 


38% 


0.005 


Prior history of myocardial 


28% 


41% 


0.084 


Comorbid disease* 


38% 


41% 


0.70 


CCS angina class III or IV 


57% 


73% 


0.032 


Unstable angina 


81% 


84% 


0.64 


Target vessel = LAD 


54% 


51% 


0.71 



a value (25th, 75lh percentile) or percent of 
CAD = coronary artery disease; CCS = Canadian Cardiovascular Si 
IAD « left anterior descending coronary artery. 



h follow-up: ..The. angiographic follow-up data are 
displayed in Table 3 and Figure 1. The primary end point, the 
median late loss in minimal lumen diameter, was significantly 
lower in women using estrogen than in nonusers (-0.13 vs. 
-0.46 mm, p = 0.01). In fact, univariable analysis of potential 
risk factors of restenosis revealed that estrogen use was the 
strongest predictor of late loss in minimal lumen diameter 
(F = 10.56, p = 0.001). In a multivariable analysis, the 
reduction in late loss remained significant after adjusting for 
potential risk factors for restenosis, including age, diabetes, 
current smoking, hypertension, high density lipoprotein level, 
unstable angina, vessel diameter, preprocedure minimal lumen 
diameter, presence of a lesion in the left anterior descending 
artery and type of coronary intervention (angioplasty or 
atherectomy). Multivariable regression analysis also found that 
estrogen use was the single most important predictor of 
subsequent late loss (F = 13.38, p = 0.0006). The only other 





Estrogen 
Users 


Estrogen 
Nonusers 


P 




(n = 47) 


(n = 196) 


Value 


Preprocedure stenosis (%) 


73(63.79) 


72(62,78) 


038 




36(29.43) 


35(29,45) 


0.81 




0.67(0.48.1.03) 


0.82(0.62.1.06) 


0.05 


Postprocedure MLD (mm) 


1.64(1.42,1.78) 


1.75(1.48.2.06) 


0.055 


Acute gain (mm)* 


0.93(0.56,1.19) 


0.97(0.62,1.24) 


0.71 


Success rate t 


89% 


89% 


1.0 



'Defined as pi 
minhnal lumen diameter. tRate of reduction of 
quantitative angiography. Data presented ar 
tile) or percent of patient group. MLD = 



/ 

/ 
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Table 3. Angiographic Outcomes at Six-Month Follow-Up 





Estrogen Users 
(d = 41) 


Estrogen Nonusers 
(n = 163) 


P 

Value 


Late loss (mm)* 


-0.13 (-a7g, 0.12) 


-0.46 (-O.80, -0.12) 


0.01 


Late loss indcrt 


-0.136(0.71,0.17) 


-0.52 (-0.92, -0.18) 


0.005 


diameter (mm) 


137(0.85,1.80) 


1.24(0.89,1.68) 


0.55 


Rate of restenosis* 


41% 


50% 


0.26 




48(31,60) 


55(38,67) 


0.18 










Vessel caliber (mm) 


2.5(2.2,3.0) 


Z7(2.4.3.0) 


0.03 



•Defined as 6-month follow-up minimal lumen di 



clinical factors found to significantly affect late loss were the 
intervention (F = 8.08, p = 0.005) and the interaction between 
the intervention and estrogen use (F = 7.22, p = 0.008). 

Although tbe late loss index varied significantly between 
estrogen users and nonusers (-0.126 vs. -0.522, p = 0.005), 
no significant differences existed when the other secondary 
angiographic end points were analyzed. However, similar, 
trends toward improved outcomes were noted among estrogen 
users (Table 3). Despite having smaller lumen diameters, 
before and after intervention, women using estrogen had a ■■■■ 
slightly larger median minimal lumen diameter at 6-month 
follow-up than did nonusers (1 37 vs. 1.24 mm, p = 0.55). In 
addition, estrogen users tended to have a lower restenosis rate 
(>50% stenosis) than did nonusers when the dichotomous end 
point was used (41% vs. 50%, p = 0.26). 

As noted before, a predetermined analysis included inves- 
tigating whether the effects of estrogen replacement therapy 
on angiographic restenosis varied between those who under- 
went atherectomy and those treated with conventional angio- 
plasty. The testing for an interaction between coronary inter- 



of this differential effect Therefore Table 4 and.Figures 2 and 
3 display angiographic outcomes by coronary intervention and 
estrogen status. The median late loss in estrogen users under- 
going atherectomy was 0.06 mm compared with -0.61 mm in 
nonusers (p = 0.0006). likewise, the late loss index , varied 
significantly between estrogen users and nonusers treated with 
atherectomy (0.06 vs. -0.63, p = 0.002). The median minimal 
lumen diameter in estrogen users undergoing atherectomy was 
larger than in nonusers (1.63 vs. 1.15 mm, p = 0.044), and the 
dichotomous restenosis rate (>50% stenosis) in estrogen users 
undergoing atherectomy was 27% compared with 57% in 
s (p = 0.038). Little difference in minimal lumen 
diameter existed between estrogen users and nonusers who .- 
underwent angioplasty (1.26 vs. 132 mm, p = 034). Similarly, 
the dichotomous restenosis rates were not significantly differ- 
ent between estrogen users and nonusers who received angio- 
plasty. 

Clinical outcomes. The clinical events and cumulative clin- 
ical outcome at 1-year follow-up are shown in Table 5. Six 
patients (3%) in the nonestrogen replacement group died 
within 365 days of coronary intervention. No deaths occurred 
in the estrogen replacement group. The rates of myocardial . 
infarction, coronary artery bypass surgery and need for co'ro-.i 
nary intervention were slightly lower in estrogen users than in''- 
'nonusers. The composite clinical end point (death,. myocardial;' 
infarction, coronary artery bypass surgery and nonsurgical 
coronary intervention in the target artery) was similar between 
estrogen users and nonusers (15 events [31.9%] vs. 71 [35.5%], 
p = 0.75). However, the number of patients who were classi- 
fied as having class II, III or IV angina at follow-up demon- 
strated a trend toward less severe angina in estrogen users (5 
patients [10.6%] vs. 31 [21.3%], p = 0.29). 



Discussion 

Restenosis remains a significant limitation for patients 
undergoing percutaneous coronary intervention, with 30% to 
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,blt 4. Angiographic Outcomes at Six-Month Follow-Up According to Intervention Assignment 



tc loss (mm)* 0.06 (-0.IS, 0.29) 

te loss indext 0.06 (-0.20, 0.34) 

niraal lumen diameter (mm) 1.63(0.83,1.99) 



-0.61 (-0.99, -0.23) 
-0.63 (-0.97, -0.21) 
1.15(0.88,1.49) 



-0L29 (-0.82, 0.09) 
-0.40 (-0.81, 0.17) 
1.26 (0.88, 1 .53) 



-039 (-0.66, -0.08) 
-0.44 (-0.84. -0.08) 
02(0.92,1.72) 



lal lumen diameter minus 6-month foOow-up niinimal lumen diameter. , „ ,„ ». ..... M 

% stenosis after an initially successful procedure. }Actual percent stenosis. Dala presented are median value (25th, 75th percentile) or percent of patient group. 



% of patients experiencing reocclusion within 6 months 
4). Unfortunately, clinical trials evaluating the efficacy of 
«0 pharmacologic agents have failed to demonstrate any 
nificant success in modifying the rate of restenosis after 
lloon angioplasty (5-12). In contrast, our observational study 
,'ealed that the use of estrogen replacement therapy was 
.ociated with an overall reduction in late loss in target vessel 
nen after percutaneous coronary intervention in postmeno- 
usal women. This beneficial effectibf estrogen replacement 
•rapy appears to be significantly greater in women undergc- 
; directional coronary atherectomy than in those receiving 
tventional angioplasty. 

Potential mechanism of action. Several potential media- 
nts may account for the ability of estrogen to attenuate 
tenosis. Multiple observational studies and a recent ran- 
nized trial (30) demonstrated that estrogen alone and in 
nbination with a progestin in postmenopausal women low- 
serum low density lipoprotein and increases high density 
)protein levels. We also noted that women receiving estro- 
i replacement therapy had significantly greater high density 
>protein levels. This favorable modulation of lipoprotein 
tabolisra therefore may provide a partial explanation for the 
er angiographic measures of restenosis after percutaneous 
onary intervention. However, available data on the effects 



of lovastatin (31), a more potent modifier of lipid profiles than 
estrogen, have failed to reveal any prevention of or reduction 
in restenosis. Likewise, significant differences between estro- 
gen users and nonusers persisted after we adjusted for differ- 
ences in high density lipoprotein levels. As a result, it seems 
improbable that the favorable lipoprotein effects of estrogen 
entirely account for the reduction in restenosis measures 
observed. 

Estrogen has also been shown (16-19) to have direct effects 
on the vasomotion of normal' and atherosclerotic arteries 
through endotheliura-dependent and endothelium- 
independent mechanisms. Recent studies (20,21) have demon- 
strated that both short-term and long-term estrogen replace- 
ment therapy reverse the pathologic vasoconstriction observed 
in atherosclerotic vessels. These findings demonstrate that 
estrogen may promote vasodilation in diseased coronary arter- 
ies and potentially reduce pathologic vasoconstriction after 
percutaneous coronary intervention. 

In addition, estrogen may prevent restenosis by altering 
cellular migration and neointimal proliferation after coronary 
intervention. After balloon-induced arterial injury, estrogen 
decreased platelet and neutrophil deposition at the site of 
injury (22). In vitro, physiologic levels of estrogen have been 
shown (23) to inhibit proliferation of vascular smooth muscle' 





from the coronary arteries of female pigs. Several studies have 
evaluated the ability of estrogen to alter vascular responses to 
injury in animal models. Although yhe results to date have 
been conflicting, the majority of stupes (24-26) reported that 
estrogen significantly inhibited neomtimal proliferation after 
arterial balloon injury. In contrast, :a recent report by Geary 
and colleagues (27) concluded that estrogen did not inhibit 
balloon-induced proliferation of the intiraa in a nonhuman 
primate model. 

Device-specific response. The present study was the first to 
clinically evaluate the effect of estrogen replacement therapy 
on restenosis in humans. We found an overall beneficial 
association between the use of estrogen replacement therapy 
and a reduction in late lumen loss after percutaneous coronary 
intervention. Although stratification by type of coronary inter- 
vention resulted in small subgroups (n = 97 and 107 for 
atherectomy and angioplasty, respectively), we found that 
estrogen replacement therapy was associated with a significant 
reduction in restenosis in patients who underwent atberec- 



Table 5. Clinical Outcomes at One-Year Follow-Up 





(a = 47) 


(n 0 "^) 


P 

Value 


Death 


0 


6(3.0%) 


0.24 


Myocardial infarction 


3(6.4%) 


14(6.9%) 


0.94 


Coronary artery bypass surgery 


3(6.4%) 


21 (103%) 


0.44 


Need for nonsurgical coronary 


12(253%) 


58(28.6%) 


0.69 


intervention in the target 








CCS class U, 111 or IV' 


5(10.6%) 


31 (21.3%) 


0.29 


Composite clinical end pointf 


15(31.9%) 


71 (35.5%) 


0.75 



'Rates are based on proportion of patients with follow-up between 8 and 16 
months after randomization. tThe 1-year composite clinical end point was 
defined as death, myocardial infarction, coronary artery bypass surgery and 
nonsurgical coronary intervention in the target artery. Data presented are 
number of patients (rates by Kaplan-Meier survival analysis). CCS = Canadian 
Cardiovascular Society. 



tomy, whereas the effects were equivocal after conventional 
angioplasty. In fact, there was no significant loss in median 
lumen diameter among the -18 patients using estrogen who 
received atherectomy as compared with a 36% loss in minimal 
lumen diameter in those >bot . receiving estrogen therapy. 
Among those who received balloon angioplasty, estrogen users 
and nonusers had similar late angiographic results (-0.29 vs. 
-0.39 mm late loss in minimal lumen diameter, p = 0.77). 

These findings suggest that the effect of estrogen replace- 
ment therapy may be device specific. Such a device-specific 
response is also consistent with our current understanding of 
the pathophysiology of restenosis after coronary intervention. 
Although both neointimal hyperplasia and late recoil have 
been implicated in restenosis, the former may have a signifi- 
cantly greater role in restenosis after atherectomy than after 
conventional balloon angioplasty (32-34). Because previous in 
vitro and animal studies (23-26) have indicated that the 
presence of estrogen can reduce neointimal proliferation, our 
results demonstrating a greater impact of estrogen on resten- 
osis after atherectomy may support this mechanism of action. 
However, further evaluation is necessary as our study is the 
first to investigate arterial responses to estrogen after atherec- 
tomy injury. 

Limitations. This analysis was exploratory and several lim- 
itations need to be emphasized. Most important, the results are 
based on retrospective and nonrandomized data. Patients 
using estrogen replacement therapy differed from those not 
using estrogen. Although many differences in baseline charac- 
teristics between estrogen users and nonusers failed to reach 
statistical significance, the cumulative effect may account for 
the variance in angiographic outcomes. Estrogen users under- 
going atherectomy were also significantly younger and had a 
greater family history of coronary artery disease than did 
nonusers. However, known potential confounding factors for 
restenosis were adjusted for in our primary end point analyses. 
Even after adjusting for diabetes, unstable angina and lesion 
location in the left anterior descending artery, the use of 
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:strogen replacement therapy remained the most significant 
actor predicting late loss. 

A second limitation was our limited overall sample size, 
.articularly when we stratified the analyses by type of coronary 
ntervention used. This limited sample size increases the 
>ossibility of a chance or spurious finding. However, our 
irimary angiographic end point was prospectively denned and 
.scertained and the reviewer did not know the patient's 
.strogen status. Despite this, confirmation of these subgroup 
malyses in larger clinical data bases, when available, is indi- 
ated. 

The study's limited sample size also constrained our ability 
o demonstrate potentially significant differences in clinical 
mtcomes between estrogen users and nonusers. Although 
•strogen users had slightly fewer deaths and myocardial infarc- 
ions and demonstrated a trend toward a lower rate of 
,xertional angina at 1-year follow-up, the study was not 
idequatety powered to detect differences in clinical outcome, 
tecent preliminary evidence from Kim and colleagues (35) 
uggests that estrogen replacement therapy may improve long- 
erm survival after percutaneous interventions in postmeno- 
lausal women. 

Conclusions. This exploratory study suggests that estrogen 
eplacement therapy in postmenopausal women may reduce 
estenosis after coronary intervention, particularly in patients 
eceiving directional coronary atherectomy. Given the poten- 
ca! clinical importance of these findings, the use of estrogen 
^placement therapy as a means of preventing restenosis after 
oronary intervention deserves further evaluation. 

ce of Penny Hodgson, 
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The Biology of Restenosis 



Christophe Bauters and Jeffrey M. Isner 



of the biology of restenosis. Neolntlmal thfckenjng- 
also referred to as neointimal hypeiplaste-ocoura In 
response to experimental arterial injury. This pro- 
• cess involves-dlfferent steps which liicluda smooth 
muscle cell activation, proliferation, and migration, 
and the production of extracellular matrix. Neointi- 
mal thickening has been identified as -one of the 
mechanisms of restenosis after balloon angioplasty 
tn humans.' The factors which control neqlntlmal 
thickening Include'growth factors, hormonal factors, 
and mechanteaifactors. Delinquent reendotheRailza- 
tlon Has been shown to have a permissive Impact on 
smooth muscle cell proliferation. In addition to neo : 



animate ar 



Is and In human'aubjects have established the 
potential for ''constrictive remodeling?' to reduce the 



appears as q multifactorial entity that may be ad- 
dressed In the future by a combined mechanical and 
pharmacological approach. 
Copyright © 1 997 by W.B. Saunders Company 



1 coronary angio- 
r plasty (PTCA) has become a well-established . 
technique for myocardial revascularization of pa- 
tients with coronary artery disease. However, 
PTCA remains limited by restenosis that occurs in 
30% to 60% of cases despite a successful proce- 
dure. 1 - 4 Assuming 500,000 PTCA procedures per 
year in the United States, 3 restenosis develops in 
more than 130,000 patients every year. Although 
some restenoses may be silent, most of these 
patients present with recurrent angina, and a 
significant proportion will need a new revascular- 
ization procedure. Decreasing the rate of resteno- 
sis would sharply lower the long-term cost of 
PTCA; in the United States, a reduction of the rate 
of restenosis from an hypothedcal 33% to 23% 
might save as much as $730 million annually.' . 
Numerous agents have been used to prevent 
restenosis, and the results of more than 1 40 



multicemer randomized clinical trials have now 
beenpubhshe&w Despite intensive invesUgaUon 
in this area, no pharmacological therapy has yet 
been found to be useful in preventing restenosis. 

The purpose of this article is to review the 
available infonnaopn relevant to the mechanisms 
of restenosis.- We first .discuss' the insights from 
animal experiments, and then focus on the mecha- 



Quantitatlye and Qualitative Changes in 
Vessel WalL The Healing Process After 
Arterial Injury 

The healing response after arterial injury has been 
well characterized in various animal models of 
balloon denudation. 1 * 10 it begins immediately 
after the initial injury and may last for weeks or 
months. This "growth response" that leads to the 
development of a neointimal thickening, also 
known as neointimal hyperplasia, involves three 
keyelepents: smooth muscle cells (SMCs), endo- 
theljal'cdb, and the extracellular matrix'. 

Smooth Muscle Cells 

Immediately after arterial injury with a balloon 
catheter, multiple factors (discussion u> follow) 
lead to the activation of SMCs. Eatty markers of 
SMC activation such .as expression of nuclear 
oncogenes are detectable as soon as 30 minutes 
after injury. 11 - 11 This expression of nuclear onco- 
genes in the hours after angioplasty Is associated 
with the early Gl event/preceding DNA synthe- 
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sis is smooth muscle cells, Recently, the use of 
amisense oligonucleotides against nuclear onco- 
genes has been shown w inhibit neorathnal 
thickening in vivo in various animal models, 0 -" 
suggesting thai the inhibition of this early phase 
can significantly affect the cascade of events 
leading to neotmimal hyperplasia a few weeks 
later. 

Activation of SMCs is associated with a shift 
from a so-called contractile to synthetic photo- 
type^ and leads to proliferation, migration, and 
synthesis of extracellular matrix. Proliferation of 
medial SMCs is evident 24 hours after experimen- 
tal balloon injury and continues for at least 2 
weeks." At Inst 20% to 40% of medial SMCs are 
activated and enter the cell cycle between 24 
hours and 3 days after balloon denudation 19 ; 
these cells then migrate to the intima through 
breaks In the internal elastic membrane. Many of 
these neomtirnal cells continue to proliferate for 
several cycles, but nearly half of the migrating 
cells do not synthesize DNA. 19 Proliferation and 
migration should thus be considered as two 
distinct mechanisms leading to neolmimal thick- 
ening; as will tie discussed, some factors may 
affect SMC migration but have no effect on SMC 
proliferation, and vice versa." " 
" In animal models, the degree of inthnai thicken- 
ing is maximal after 3 months, 11 the additional 
volume that accumulates after 2 to 4 weeks 
reflects the adjunctive synthesis of extracellular 
matrix by synthetic. 5MCs (discussion to follow). 
After 2 to 3 months, SMCs return to a contractile 
phehotype and rto further significant Increase in 
in'tunal thickening occurs. 22 

Endothelial Cells . 

Endothelial regeneration. In the hours after 
experimental angioplasty, endothelial cells rap- 
idly enter the replication cycle to restore endothe- 
lial continuity. Proliferation and migration can be 
initiated either by loss of contact inhibition, 
stretch, or growth factors secreted by endothelial 
cells, SMCs, and drculattng cells. 10 . 0 Endothelial 
regeneration starts fjom-the leading edge of the 
denuded area arid from the osp'a of collateral 
artd/or brarich. arteries. 14 Re-eridotheliallzation 
begins within the first 24 hours after the arterial 
denudation and ceases '6 or 10 weeks later, 
depending on animal species. 25 The rate and the 
extent of endothelial regrowtfi is related to animal 



models and experimental conditions, but the 
most important factor seems to be the severity of 
the initial Injury. Indeed, although complete re- 
endpthelialuation can be achieved after sraan 
denuding injuries,»-"endotheUal cells have been 
found to be incapable or sustained regrowth after 
widespread denudation. 15 - 28 . 19 Even if complete 
re-endothelialiration occurs, the regenerated en- 



cal characteristics. Tn contrast to normal endothe- 
lial cps, regenerating endothelial cells grow as a 
sheet with Close eell-tc-ceH contacts, no longer 
aligned with blood flow, and are both polygonal in 
shape arid irregular in size, with cytoplasm bulg- 
ing toward the Iumen. 2 ««W» 

Bdothdid dysfunction. The functional prop- 
erties of regenerated endothelium have also been 
shown to be abnormal"-'" 2 After vascular in- 
Jury.endothdium-dependent relaxation to vasodi- 
lator agonists is depressed in anerits with regen- 
erated endothelium at a time when the ability of 
underlying vascular-SMCs to relax or contract is 
unchanged. The severity of the endothelial dys- 
function appears to be dependent on the nature of 
the initial injury, in a ribbll iliac artery model of 
angioplasty, impaired endothelium-dependent re- 
laxation was found 4 weeks after the procedure 
only if animals experienced severe injury. 1 ' Endo- 
thelial dysfunction may be related to a reduction 
in ability of endothelial cells to produce endothe- 
lium-derived relaxing factors. 31 

Growth regiilarory properties of endothelial cells. 
Previous inves ligations have underscored the prin- 
ciple of cross-talk between endothelial cells and 
smooth muscle cells. JMM » Neomtirnal thickness 
' is closely related to the presence of a regenerated 
endotheUum, Indeed, intima] areas that are rap- 
Idly covered by continuous endothelium are pro- 
tected from the accumulation of intimal SMCs, 
whereas typical intimal hyperplasia occurs in 
areas where re-endothettallzation is delayed. 

Endothelium, In addition to its well-known 
role in regulating vessel tone and platelet aggrega- 
tion, appears to modulate proliferative activity of 
the underlying SMCs: Recent in vitro studies have 
emphasized the possible role for nitric oxide - 
(NO) m controlling SMC growth. 57 -* NO donors 
inhibit DNA synthesis in cultured SMCs, and 
similar effects achieved by administration of the 
analog 8-bromo-cyclic-guanoslne monophos- 
phate (8-bromo<GMP) Implicate the cGMP- 
pathway, physiologically activated by NO, in SMC 
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.growth regulation. Endothelial cells may main- 
tain SMC quiescence through' the growth Inhibi- 
tory effect of NO. 5 * Dysfunctional regenerating 
endothelium In which Np production is compro- 
mised may thus contribute to the development of 
a thickened inrima because of reduced inhibition 
of platelet aggregation as well as SMC prolifera- 
tion. It is intriguing to note that animal experi- 
ments have in 'fact documented retardation of 
endothelial cell recoverage over damaged as op- 
posed to normal media. 39 On the basis that nitric 
oxide synthase catalyzes the synthesis qf NO after 
oxidation of terminal guanidmo-nitrogen atoms 
ofL-Mgnu^W'severaltavestigatonhaveaomln- 
istcred this precursor locally or systemically and 
confirmed In vivo the efficacy of NO m prevent- 
. tag tatiraal hyperplasia.* 1 -* 5 

Investigational experience with endothelial cell 
mitogens has yielded similar results. Asahara et al 
showed that a single local application of the 
endothelial cell-specific mitogen, vascular endo- 
thelial growth factor (VEGF), either as a recombi- 
nant protein* or as naked DNA/ 7 is sufficient to 
facilitate endothelial repair after balloon injury.* 1 
In the gene transfer study, thrombosis and neointl- 
mal thickening were correspondingly attenuated 
to a statistically significant degree in arteries 
trarisfected with VEGF versus those transfected 
with a reporter gene; moreover, recovery of vaso- 
motor reactivity was markedly accelerated. Simi- 
lar results have been reported using basic fibro- 
blast growth factor (bFGF) »«' The favorable 
effects of both VEGF and bFGF may be mediated 
by NO, as well as the fact thai each of these 
mitogens has been shown to stimulate release of 
NO from endothelial cells.'"-" ' 

Extracellular Matrix 

Experimental balloon denudation is followed by a 
marked increase in expression of the genes that 
code for extracellular matrix (ECM) proteins 
such as collagen and elastiri in the arterial wall' 1 
Similarly, there-expression of embryonic forms of 
fibronectiit occurs in the media and advendlia of 
rabbit arteries 24io 48 hQurs after injury; 2 weeks 
after balloon denudation, when the neolntlma is 
formed, fibronectta mRNAs as well as the Rbronec- 
tm protein accumulate in the luminal layers of the 
neoinlima:» Fibrbnectin, as well as other matrix 
constituents characterized by the presence or an 
Arg-Gly-Asp amino acid sequence such as osteo- 
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pontinM and vitronectin, are likely to facilitate 
SMC migration by interaction with certain inte- 
grum expressed by activated SMCs." As pointed 
out by Schwartz et al," cellular components 
constitute only about 11% of neotatimal volume, 
and the remainder is ECM. Given die abundance 
of ECM in restenotic lesions, one alternative 
"anU-restenos'is" strategy would be to directly 
reduce the matrix volume surrounding each cell; 
whether a substantial reduction in neotatimal 
volume can be achieved without inhibition of 
SMC migration and/or proliferation remains to be 



Potential Regulators o/the.Hwtlbtg Process 

Platelets and the thrombotic process. Immedi- 
ately-after experimental balloon Injury, endothe- 
lial denudation induces platelet adhesion and 
' aggregation resulting in release of the constitu- 
ents of their alpha granules within a few min- 
utes. 1 " Numerous mltogenlc substances, includ- 
ing platelet derived growth factor (FDGF), are 
thus released at the site of injury and may be 
invoked tit the process of SMC activation. 311 
Experiments performed in thrombocytopenlcani- 
mals have shown the fundamental role of platelets 
in determining the extent of neotatimal thicken- 
ing after arteriaf injury." Experiments performed 
in a canine model of endothelial injury have 
shown that the intensity of cyclic flow variations 
related to platelet accumulation constitute a ma- 
jor determinant of neotattaial tWckeidng .« Re- 
cent studies have shown that thrombocytopenia 
inhibits migration of activated SMCs from the 
media tothetatimabut bas no effect on the initial 
cycle of cell proliferation." Coagulation proteins 
such as thrombin may also be implicated in the 
response of SMCs.* 1 Thrombin has' mitogenic 
properties, for SMCs« and has been shown to 
Induce multiple growth-related signals In SMCs 
including the expression of the c-Jos proto- 
oncogene,* 5 Finally, the volume or thrombus at 
tbe PTCA site may also play a role in the 
subsequent restenotic process; Schwartz el al, 11 * 
based on observations made in the porcine coro- 
nary Injury model, proposed that the volume of 
tairacoronary thrombus resulting from FTCA 
may serve as a scaffold that determines the 
subsequent volume of neointima. 

Growtfijaetors. Growth factors released at the 
site of injury play a major role In the response of 



BAUTERS AND ISNER 



SMCs to balloon injury. Platelets are an important 
source of PDGF, but endothelial cells, macro- 
phages, and SMCs may themselves secrete PDGF 
after arterial Injury.!'-*" 4 PDGF may be critical 
for SMC migration from media to intuna, whereas 
hs absence does' not limit SMC proliferation.' 1 '*' 
Using an antjbpdy to PDGI; Perns et'al were able 
to reduce iteomtraul SMC accumulation after 
experimental angioplasty without affecting mito- 
genic activity.* 7 

Basic fibroblast growth factor (bFGF), an in 
vivo angiogenic factor 88 that is mitogenic for 
SMCs as well as endothelial cells through specific 
receptors,*" may also play a role in restenosis. 
SMCJ within the tunica media, when damaged by 
an oversized balloon, may release bFGF because 
of stretch or crush injury; the-liberated bFGF can 
then mediate the initial wave of cell division 
within this layer of the 'blood vessel Infusion of 
an antibody that neutralizes bFGF reduces the 
first cycle of SMC replication by up to 80* in the 
arterial media after balloon denudation But has 
no effect on the resulting neointimal thickening." 
Alternatively. bFGF may potentially limit the 
restenouc process via its effect on endothelium. 
Recent studies have documented thaiexogeneous 
administration of bFGF may accelerate endothe- 
lial regrowth after balloon denudation.?'" As 
stated, similar effects have been 'observed with 
VEGE«.«* 

Addldonal growth factors that have been impli- 
cated in the development of restenosis. Include 
transforming growth factor 0 (TGF(3) and insulin 
growth factor type 1 (IGF-I). TGF0 mRNA Is 
Increased in SMCs after arterial wall injury and 
reaches a maximum before the phase of extracel- 
lular matrix synthesis. 7 "' TGFp is known to 
modulate fjbronectni' exprqaltfn" and may be 
important in the control of extracellular matrix 
synthesis. 7574 TGFB is produced by SMCs, plate- 
lets, and endothelial cells .*>" The main-source of 
IGF-l is SMCs, and. its mRNA expression under- 
goes a 10-fold Increase In' the weeks after balloon 
denudation. 7 * 

Hormonal factors. Work by Dzau et al has 
suggested a role for the renin-angiotensin- 
aldosterone axis in the pathogenesis of resteno- 
sis. 7 " 8 Angiotensin 11 may modulate SMC growth 
m vitro 81 - 81 ; In vivo studies have shown that 
angiotensin II infusion in rats 'is followed, by 
marked SM£ proliferation in the intima. B Powell 
et al have lypprted'that inhibitors of angiotensin 



convening enzyme (ACE) suppress myoinumal 
proliferauonaftervasoilartojury."Theacdonsof 
ACE inhibitors are probably not solely related to 
an effect on angiotensin II levels, but may in part 
be. caused by an effect on bradykinln metabo- 
lism 8 " 4 or by effects mediated by aldosterone, 47 
Serotonin and other vasoactive hormones (cate- 
cholamines, vasopressin) released at the angio- 
plasty site are also able to induce SMC prolifera- 
tion.*" 1 Recently considerable interest has been 
focused on endothelm, a potent vasoconstrictor 
pepdde produced by vascular endothelial cells." 
Endothelln binds specifically to human SMCs in 
culture and can Induce nuclear oncogene expres- 
sion** Endothelln has been shown to have 
mitogenic activity 'for rat aortic $MCs » and 
endothelln antagonists reduce neointimal thicken- 
ing after vascular injury in vivo.* 4 -* 7 

Mechanical /actors. Mechanical (actors may 
also play i role in determining the magnitude of 
the restenotic lesion generated in experimental 
models. Urge areas of endothelial denudation 
without trauma to tie media lead to mild neototj- 
mal thickening despite late' endothelial regenera- 
tion^; In contrast, focal endothelial denudation 
with substantial medial trauma, including rup- 
ture of the internal elastic lamina, is associated 
with marked neointimal- proliferation, despite 
prompt endothelial regeneration.* These results 
suggest that endothelial denudation alqne is not 
sufficient to produce major neointimal thicken- 
ing and thai direct stimulation of SMCs is also an 
important factor. Direct injury of SMCs may 
Induce a greater neointimal response, by (1) 
increasing the local release of growth factors from 
necrotic SMCs, and (2) activation of intracellular 
paihways, leading to proliferation of residual 
viable SMCs. 'P 0 -' 01 

In addition to acute mechanical factors, chronic 
mechanical factors may also' play a role. Blood 
flow In the Injured vessel may be a determinant or 
subsequent restenosis; experimental studies by 
Kohler etal have shown greater neointimal hyper- 
plasia when blood flow Is reduced' after anglo- 
plasty.Ka.in 

Changes to Lumen Size: The Concept of 



Arterial remodeling Is now a well-recognized 
feature of dc novo atherosclerosis. Glagov et al"* 
observed that human coronary arteries undergo 
adaptive enlargement in response to progressive 
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plaque expansion and maintain the lumen area 
until the plaque occupies 40% of the area circum- 
scribed by the Internal elastic lamina. This so- 



essential for the compensatory arterial response 
to long-term changes in luminal flow rates,' 10 
Thus the absence of endothelium or the presence 




thickening, but to a lack of compensatory enlarge- 
ment and/or some degree of vessel constriction. 

acts to offset the effect 



tic tools of invasive cardiology such as directional 




m injury are unknown, 
as for compensatory enlarge- 
ment in de novo arteriosclerosis Include in- 
creased flow with concomitant Increase in shear 
stress and modulation of the ECM support struc- 
ture with protrusion of the lesion outside the 
original contour of the artery. 1 ** Post-balloon 
angioplasty, compensatory enlargement in re- 
sponse to neointintal growth may occur as a result 
of high flow velocity or as a consequence of ECM 
degradation. 1 " 6 Chronic constriction, on the other 
hand, may be related to collagen deposition and 



Several studies have also suggested a potential 
role for the endothelium in modifying the remod- 
eling process. Previous studies have shown that 
adaptative enlargement, ie, increase in the lumen 
area of the vessel, occurs in response to a long- 



Light-Microscopic Findings 

Ughwnlcroscopic features of atherectomy speci- 
mens retrieved from coronary arteries or patients 

have confirmed observations made in smaller 
numbers of patients at necropsy. 1 " 11 ' Primary 
and restenosis lesions can often be distinguished 
from each other on the baste of certain light- 
microscopic findings."* Primary lesions appear 
typically hypocellular, consisting predominantly 
of well-organized collagen and ground substance. 
< In contrast, restenosis lesions typically include a 
focus of hyperceUularUy; .cells within these foci 
have phenotyplc characteristics of proliferative 
SMCs, and the extracellular matrix surrounding 
these cells has a less compact appearance than 
does the extracellular matrix of primary plaque. 



structural decrease In the lumen diameter is 
associated with a long-term decrease in blood 
flow. It appears tl 



hypercellular lesion is not al 
restenosis: In the CAVEAT investigation, a similar 
lesion was observed in 7% of primary sped- 



112 



early in neointtmal development. The end-stage 
lesion typical of de novo or primary atherosclero- 
sis thus contains limited deposits of hyaluronan. 
Restenotlc lesions contain m 



the restenotlc lesion is similar to that In the 
' I lesion, then even the increased deposits 
t die time of atherectomy may he less than 



Evidence of Smooth MusdeCdlPmUJeratim ' logical processes such as cell migration. Furiher- 
Imrnunohlstochemical analyses have been per- 
formed to determine the degree of cell prolifera- 
tion in specimens retrieved with the use of 
directional atherectomy."" Pickering et at have 
analyzed the expression of the proliferating cell 
nuclear antigen (PCNA) and have reported that 
the proliferative index (percent ofPCNA-posltlve 
cells) was higher in restenotlc man in primary 
lesions, Proll (crating cells were detected by In situ 
hybridization and immunohistochemistiy in 13% 
to 20% of cells of specimens retrieved from 
restenosis lesions. These findings thus indicate 
that, among patients referred for percutaneous 
revascularization, many have a detectable prolif- 
erative component. More recently, the greater 
SMC proliferative activity documented for reste- 
nosis lesions has been shown to be associated 
with evidence of programmed cell death, 1 " 

The Extracellular Matrix. 



Gradual replacement of this bulk* heavily hy- 



scar (including wall) could 



tmghypen 



r SMC 



As in experimental models, neointtmal hyperpla- 
sia appears not to be the sole mechanism of 
s in human beings. IVUS studies suggest 



reoftheflbroproHfent- ' 



tive tissue have been the focus of most studies of 
restenosis, it is the ECM that in feet accounts for 
the bulk volume of these lesions. Together with 
activated SMCs, ECM having a distinctively lighter 



plasty m human beings. Studies by Minu et al»" 
have been interpreted to show that most of the 
late lumen loss after balloon angioplasty is due to 



classic restenosis focus. 8 * Various collagen sub- 
types and proteoglycans have been shown to 
• comprise the ECM of atherectomy specimens. 1 " 
The contribution of two proteoglycans in particu- 
lar, btgh/can and decoriu, known to be differen- 
tially modulated during ECM elaboration and 
differentially regulated by TGF-B,, have been 
found to be differentially distributed in primary 
versus restenotlc lesions. 1 w Extracellular deposits 
'of biglycan were found to be characteristic of the 
loose, rich extracellular matrix typical of 
sis, whereas staining for decorin was li 
weak staining intensity in the more compact 
transition zone between loose ECM and dense 
connective tissue typical of advanced lesions 
composed of hypocellular fibrous plaque. 

More recently the glycosaroinoglycan hyaluro- 
nan has been shown to be a characteristic constitu- 
ent of the loose myxoid ECM of human restenotlc 
arteries. ,M The presence of hyaluronan may be a 
marker for an initial phase of the ECM remodel- 
ing that occurs during the development of a 
fibroproliferative .lesion and could facilitate bio- 



Insights From Angioscopic Studies 

We have used serial coronary angioscopy to 
describe the morphological changes occurlng in 
the months following percutaneous transluminal 
coronary angioplasty of unstable plaques. la Angi- 
oscopy was perioraied immediately before PTCA. 
immediately after PTCA, and at 6-month follow- 
up. Although the angioscopic appearance or the 
lesion at the time of angioplasty was typically that 



.. e at fol- 
low-up was almost unvaryingly that of a stable 
smooth white plaque without" thrombus. These 
differences reflect the magnitude of the changes 
occuring at the lesion site during the follow-up 
period, In addition to disappearance of dissection . 



of the plaque is likely to be a consequence of 
neolntimal hyperplasia leading to a remodeling of 
the inner part of the vessel Whether the PTCA 
iallzedatfo 
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Restenosis is clearly a multifactorial entity. SMC 
proliferation, elaboration of ECM, thrombosis, 
and vascular remodeling all contribute to its 
pathogenesis. The contribution of these Indi- 
vidual elements does not appear to be consis- 
tently proportional from one patient to another, 
or even one lesion to another in the same patient, 
hi the absence of a single therapy that effectively 
addresses all of these pathogenetic elements, the 
ability to routinely preempt restenosis will likely 
require accurate clinical identification and under- 
standing of the principle factor governing the 
biology of a given restenotic lesion. 
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[57] 

The invention comprises pharmaceutical preparations 
consisting generally of a drug with a substantially low 
water solubility and an amorphous, water-soluble cy- 
clodextrin-based mixtures. In these preparations a stable 
amorphous state can be achieved. This improves the 
dissolution properties of the drug and hence its absorp- 
tion by the body. The required cyclodextrin-based mix- 
tures were prepared from a-, or y-cyclodextrin 
which were rendered amorphous through non-selective 
alkylation. The alkylation agents suitable for that pur- 
poses are exemplified by propylene oxide, glycidol, 
iodoacetamide, chloroacetate, or 2-diethylaminoethyl- 
chloride; their reactions with cyclodextrins were per- 
formed in a manner to yield mixtures containing many 
imstance which effectively prevents 
n processes within the above pharmaceuti- 
cal preparation. 

28 Claims, 2 Drawing Figures 
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cyclodextrin-based mixtures. In tese preparation^ a w^ZnH ^^"f^ **** 
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thylaniinoethylchloride; their reactions with cyclodex- , ^2?°' 3,459 ' 731 > Au 8- 1969 i t 2 ) ^onic, soluble 
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_ UN do not support microbial growth. Thus, these com- 
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cation Ser. No. 603,839 which concerned cyclodextrins easily and completely and are stable for an extended 
and sex hormones. period c f time. These solids can be either directly tab- 

MATERIAL INFORMATION DISCLOSURE w ^ to ^ P roducts weU suite d for oral or buccal 
r%,.,i~i„_- ,. ,. administration or processed into suppositories. 

JS^SfST " C 7^ 0l,g0melS ° f ^V C0Se5 &eSe ^ additives may bVutilized in weight 

whTltcuTo^H^" ^ m f e ^.r th J aBy *"? pelCent ° f Wually abo « ° f « he drug solution 

tT^f^^^ll V" *P^ a «* u W composition and may be utilized from about 5-95% of 

™tl* Z T • m ° leCU, , e - ■« «5 the drug solution composition. Actual working models 

crystalline and so are their complexes with drues, and of the cvclod e *trin „~ «... JrTT 



tSZ'nW "V 1 * T^ 65 With Md of the ^clodextrin derivatives are set out m TableT 
MMes^—^T^r^ ^ ^ Which 8h0WS SOme of the P refe "«d as 40-50% of the 
bilmes compared to the drugs themselves. The latter drug solution composition 
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TABLE 1 



4 




:er(mg/ml) Soliihilizer ' (cone. i» water) 
11 hydroxypropyl-£-cyclodextiin (50%) 

20 hydroxypropyl-A-cyclodextrin (50%) 

jKoluble hydroxypropyl-a-cyclodextrin (40%) 
insoluble hydroxypropyl-j3-cydodextrin (40%) 
insoluble hydroiypropyl-y-cyclodcxtrin (40%) 
0.12 hydroxypropyI-0-cyclodextrin (50%) 
<023 hydroxypropyl-£-cyc!odextrin (50%) 
01 hydroxypropyl-^-cydodexttin(50%) 
<0.15 hydroxypropyl-JS-cycIodextrin (50%) 
0.O7 2 hydroxypropyl-i3-cyclodexirin (50%) 
0.03 1 hydroxypropyl-J3-cyclodextrin (50%) 
<1.6 tavdroxvoroDvl-g-cvclodextrin (40%) 

dextrin (50%) 
. . . in (50%) 

hydroxypropyl-/J-cyclodextrin (50%) 
hydroxypropyl-JS-cyclodextrin (50%) 
hydroxypropyl-£-cyciodextrin (50%) 
hydroxypropyl-jS-cyctodextrin (50%) 
hydroxypropyI-/3-cycIodexttin (50%) 
■•' ' ' in(50%) 
in (50%) 
in (50%) 



1 .25 hydroxypropyl-y-cyclodextrin (40%) 

15 hydroxypropyW»<yc!odextrin(50%) 

13 hydroxypropyl^.cyclod e xlrin(50%) 

127 hydioxypropyl-^-cyclodextrin (50%) 

OjOIS 3 hydroxypropyW-cyclodexlrin (40%) 

<0.07 hydroxypropyl-#-cyclodextrin (40%) 

<0.07 hydimypropyl-£-cyck>dextrin (40%) 



hydroxypropyl-/5-cyclodex<rui (40%) an 
hydro*ypropyl-/3-cyctoifextrin (40%) 



hydroxypropyl-£-cyctodextrin (40%) 
hydroxypropyl-£<qic!odextrin (50%) 
hydroxypropyl-^-cyclodextrin (40%) 

carboxymethyl-j3-cyclodexuin (50%) 
in (50%) 
in (50%) 
in (50%) 
in (40%) 



hydroxypropyl-0-cy 



ty. Academic Press. New York (1976). p. 36. 

DESCRIPTION OF THE FIGURES 
FIGS. 1(A and B) shows the activity of derivatives of highly soluble and retain the capacity to form inclusion 
cyclodextrins on the forearm with a band-aid patch 50 complexes with drugs. Such mixtures may be prepared 
showing lack of topical irritation. On the left is a photo- by alleviation reactions which lack chemoselectivity 
graph of the forearm with band-aid patches wetted with and stereoselectivity and introduce hydrophilic substit- 
isotonic solutions in water of AL16 (carboxamidometh- uents. In the examples are shown such alkylations. 
yl-jS-cyclodextrin), ALII (carboxymethyl-/J-cyclodex- Tables 1-3 below show solubility or dissolution of 
trin), M146 (hydroxypropyl-^-cyclodestrin), and 55 various compounds under option of cyclodextrin deriv- 
SzA59/2 (diethylaminoethyl-Z^cyclodextrin). On the atives. 

right is the forearm after band-aids were removed after Systemic and Local Toxicity of Cyclodextrin Deriva- 
1 8 hours of exposure. tives 

FIG. 2 shows the dissolution of testosterone from a The lack of topical irritation of the above cyclodex- 
tablet made from testosterone/hydroxypropyl-/J- 60 trin derivatives was tested by wetting a band-aid with 
cyclodextrin complex (—0—) or from a tablet made their isotonic solutions and by application of that band- 
from testosterone-microcrystalline cellulose (—□—). aid to the forearm for about 18 hours. The representa- 
tive results can be seen in FIG. 1. 
The lack of parenteral toxicity of the above cyclodex- 
5 trin derivatives was tested by intraperitoneal injection 
Suitability of cyclodextrins as pharmaceutical ad- into mice; the following results were obtained, 
diuves/solubilizers can be considerably improved if (a) Two different preparations of hydroxypropyl-#- 
these are converted to mixtures of derivatives which are cyclodextrin were tested. The first preparation (degree 
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llh^ff£tVL fa ?f^,° f 10 *?* WaS ™ th ° Ut oxide - «^ sotation was stirred overnight at room 

SftiTS ft 1^ % <*- temperature Thereafter, the alkaline solution was neu- 

SrlStr.s^g^rS?^^ tra.^bvcoacent.tedhydro.Woricacidandevapo- 

animals survived. « rated in vacuo to the consistency of thick syrup. The 

(b) Diethylaiiimoethyl-^clodextrinat4.7gAg-l syrup was dissolved in ethanol (1.5 L) and left standing 
death (after 4 hrs) and 2 suMving animals; at 24 g/kg ^S'TV^T C "° ride wWch was subsequently 
all 3 animals survived. filtered off. The ethanohc solution was evaporated in 

(c) Carboxymethyl-jS^yclodextrin at 3.8 g/kg-no vacuo * e rest was dis «> lv «J in water. The solution 
deaths, 3 surviving animals. ,« was enclosed in tubing and dialyzed for 2-3 

(d) Carboxamidomethyl-i3-cyclodextrin at 6.9 h , ou fi against water - ^ dialyzed solution was then 
g/kg— 2 deaths, 1 surviving animal; at 3.5 g/kg all 4 clanfied b y centrifugation and freeze-dried. The result- 
animals survived. u>g white powder (282 g) contained 5.2% water (mea- 

The lack of oral toxicity of hydroxypropyHS- sured bv we >gnt toss), of inorganic residue (by 

cyclodextrin in mice was documented in patent applica- 15 ashing), and 0.87% of chloride (elementary analysis), 

tion Ser No. 603,839 ffled April 25, 1984, by Pitha. Upon prolonged standing water content increased to 

Dissolution Effects of Cyclodextrin Derivatives 7 ~8% but appearance of the compound (white powder) 

Effectiveness of cyclodextrin derivatives in assisting was not changed. By prolonged trituration of this pow- 

dissolution of drugs is satisfactory if (a) a substantial der with acetone, the products of self-condensation of 

part of the drug molecule can be fitted into the hydro- 20 propylene oxide, which contaminate the desired hy- 

phobic cavity of the cyclodextrin molecule, and (b) the droxypropyl- ^-cyclodextrin, can be removed The 

same part of the drug molecule is hydrophobic. Since degree of substitution of the cyclodextrin moierv 

thee principles were established previously (see Mate- achieved in the above reaction was about 7; by variation 

rial Information Disclosure sectton), the present efforts of the amounts of reagents the substitution degrees were 

sasrr « fits? atfss 25 tttt&szszrF^ 

The principal improvement of absorption of a drug 3 ° ^S^ffit^" Cy t*^ 7^ 
by a body accompanying the conversion of a drug from ^SS£J^T f 
a crystalline state into an amorphous state is generally *T ° f P ro Py lene oxlde remained m the solution from 
~~— 6 1 which they can be recovered by evaporation, leaving 
oily liquid. In a representative experiment, precipitation 

. 35 yielded 81% of the desired solid hydroxypropyI-j3- 

SotabrM« of Steroids (mg/mi) in 30% Aqu«ms cyclodextrin (degree of substitution 7 by nuclear ma R - 

Soluuora of Ilydroxypropyl-^cyclodcxtrin Samples ^tic r«nnai,t-j. anH am u„ „,,« r „^,„„ . 6 , 

ww, Different Degrees of Substituiion mI> ?f" c resonance ^d »-°2 by mass spectroscopy) and 

d ^Tl H aJxT-n 14 18 * ° f ^ containing also hydroxypropyl-^ 

~~ BtoS » m 5 „ cyclodextrin (degree of substitution 16 by nuclear mag- 
Progesterone 30 44 35 a netic resonance and 11 3 by mass spectrometry). When 
Testosterone 56 ffl 40 23 condensation of propylene oxide with y-cyclodextrin 

— " was performed with a high ratio of the former to the 

tatter, products were precipitable by cyclohexane but 
, not by acetone and were semi-solid liquids (degree of 

...hcrih.^,, J4 J,y nu{ .1 ! 



EXAMPLE 2 

£y=Tu m R^ted preparations: O-alkylatiou of cyclodextrins 

Estradiol 2 8 8 14 50 epoxides 

Progesterone 38 is 14 Basically the same conditions as above were used also 

Testosterone 24 9 M for condensation of a- or y-cyclodextrins with propy- 
lene oxide; degrees of substitution achieved (by nuclear 

CTAUW _ , magnetic resonance) were close to those described 

EXAMPLE 1 J3 above. 

Preparation of hydroxypropyl-/8-cyclodextrin — ■— EXAMPLE 3 . . 

Sodium hydroxide (105.7 g, 2.64 moles) was dis- Related preparations: O-alkylation of cyclodextrins 

solved in 750 ml of distilled water and to this solution with organic balides. 

was added ^-cyclodextrin (346.4 g of commercial prep- The procedures analogous to those above were also 

aration containing 13.4% of water, Le., 300 g of anhy- 60 used for condensation of j8-cyclodextrin with the fol- 

drous compound corresponding to 0.264 moles). Sus- lowing hydrophilic alkylating agents: (a) diethylamino- 

pension was stirred at 60* C. until all y-cyclodextrin ethylchloride-hydrochloride yielding diethylaminoeth- 

was dissolved. Thereafter solution was cooled to room yl- /3-cycIodextrin; the degree of substitution in the 

temperature and reflux condenser, filled with dry ice- product was about 3.5 (calculated from nitrogen con 

SSSSTSEF W3S ^ ^ P r °Py lene oxide 65 tent >> W chloroacetic acid yielding carboxymethyl-/?- 

SSEF? If "7 5X5 S ""WfiW to 2W cyclodextrin; the degree of substitution in the product 

ZSiZZ^LZ*? r nn f ft bUt ^ ne ? ssary W3S *"* 4 (calculated from sodium content), (c) 

—he stared solution. After addition of prop- iodo^cemmide yielding carboxamidomethyl- j3- 
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cyclodextrin; the degree of substitution in the product 1. A method of producing a stablizing amorphous 
was about 3 (calculated from nitrogen content). complex of a drug and a mixture of cyclodextrins which 

comprises the steps of: 

EXAMPLE 4 1. Dissolving an intrinsically amorphous mixture of 

The solutions of solubilizer in water were saturated 5 cyclodexbii deratives which are water soluble and 
by stirring with excess of drug at room temperature for « Pj£ ? f a J™ n * mcmsloa com P lexes wlth dru S s 
about 24 hours. Tte resulting suspensions were clarified ^ SoIubBzm ^ lipophilic drugs into the aqueous media 
either by filtration through a sintered glass filter or by to form ^ fo ^ a ^uh^d drug/cy- 

centrifugation. Concentration of hormones in clarified clodextrin complex. 

solutions was measured spectrophotometrically. Repre- 10 2. A method of claim 1 wherein the solubflized com- 
sentative results are given in Table I, ante. In these pies is subjected to freeze-dried or evaporation to pro- 
experiments drugs were solubflized with cyclodextrin vide a solid cyclodextrin/drug complex in powder 
derivatives with constant degrees of substitution and form. 

which are given in the footnote to Table 1. In Table 2 3. A method of claim 1 wherein cyclodextrins used 
are the results on the solubilization of sex hormones IS are substituted by at least one of the following substitu- 
with hydroxypropyl-/8-cyclodextrm samples of differ- ents: hydroalkyi, carboxamide, diethylaminoethyl, car- 
ent degrees of substitution. It is apparent that samples of boxymethyl, and carboxyamidomethyl. 
hydroxypropyl-0-cycIodextrin with medium degrees of *• A method of claun 1 wherem *• d ™S 18 a hor " 
substitution (3-7) are more effective solubilizers than m ° ne : 

those of higher degrees of substitution. It should be 20 ^^S^v! o^Zioe^^ 

noted that while the former derivatives are solid and 6 A ^p^fo,, of P matter which an ^ 

suitable for tabletmg purposes, the latter are semisolids . pnous comp kx of cylodextrin and a drug. 

or liquids. The results on the solubilization of sex hor- 7 . A omposition of matter of claim 6 wherein the drug 

mones by cyclodextrin derivatives containing carbox- is a hormone. 

amido or diethylaminoethyl or carboxymethyl substitu- 25 g. A composition of claim 6 wherein the drug is at 
ents are summarized in Table 3. It is apparent that the least one of testosterone, progesterone, and an estro- 
carboxamido methyl derivative is a relatively potent genJc drug. 

solubilizer; nevertheless, comparison with the results in 9. A composition of matter of claim 6 in solid form. 
Table 2 show that the potency of hydroxypropyl con- 10- A composition of matter of claim 9 which is a 

taming derivatives has not been surpassed. 30 tablet 

11. A composition of matter of claim 6 which is m a 



EXAMPLE 5 
The above solutions of drags in cyclodextrin deriva- 



12. A composition of matter for use in the process of 
claim 1 containing a mixture of substituted cyclodextrin 



fives were stable when kept at room temperature for derivatives m amorphous form, 

several months and no microbial grow* on the solu- 35 13 A composition of of claim 6 wher ein the 

Uons was observed. When freeze-dned, the solutions drug is a vitamin. 

s of °y- 14. A composition of matter of claim 6 wherein the 

u le pow- drug is a salt of retinoic acid. 



ders which were found suitable for tableting by direct 15. A composition of matter of claim 6 wherein the 
compression. The tablets prepared in such a manner 40 drug is a steroid. 

in dissolved completely in water as documented by 16. A composition of matter of claim 6 wherein the 
drug is a spironolactone. 
17. A composition of matter of claim 6 wherein the 
EXAMPLE 6 drug is an antiviral agent 

Using a die of 0.9 cm diameter and a force of 3000 45 l*. A , 

. ° . . . . . antiviral 



antiviral agent is acylovir. 
19. A composition of matter of clam 6 wherein the 



drug is a diuretic. 



Is weight exerted in a single-station hand-operated 
unit, the tablets were made directly from the freeze- 
dried solutions of drugs prepared as described above. In 

one such experiment tablets weighing about 130 mg and diuretic is . 

containing 10 mg of testosterone in complexed form 50 2L A composition of matter of claim 6 wherein the 

were made. These tablets were stored for up to 16 drug is an anticoagulant. 

months at room temperature in a well-closed glass con- 22. A composition of matter of claim 21 wherein the 

tainer without any deterioration and were thereafter anticoagulant is dicumeroL 

tested for dissolution properties. In the dissolution ex- 23. A composition of matter of claim 6 wherein the 
periments a tablet was submerged in a basket made out 55 drug is an anticonvulsant 

of stainless steel mesh in a bath of water, at 20 C and 24. A composition of matter of claim 23 wherein the 

sink conditions. As noted in FIG. 2, the complexed d^f » dipheuylhydantoih. ^ f 

testosterone tablets dissolved completely with 4 min- . M - A composition of matter of claim 6 wherem the 

utes, whereas similar tablets prepared from testosterone *S w . m " T " 



26. A composition of matter of claim 25 wherein the 
ltnnflammatory agent is iproniazid. 
u^rany tcsro^eronc mxo me aqueous pnase. 27. A composition ofmatter of claim 16 wherein the 

Definitions rinia k nxTmronnlnl 



microcrystalline cellulose did not release practi- 
cally any testosterone into the aqueous phase. 



The term "mixture of substituted amorphous cy- ^ ^ composition of matter in solid or semi-solid 
clodextnns" is directed towards where there is rr — - 



le of testosterone, progester- 
in inclusion complex with poly-/3- 
cylodextin and/or hydroxypropyl-/}-cyclodextrin 
adapted for administration by buccal route. 
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larly restenosis, in humans, comprising administering to 
a human in need of treatment an effective amount of a 
compound of formula I 




R 1 and R 2 may be the same or different provided that, 
when R 1 and R 2 are the same, each is a methyl or 
ethyl group, and, when R 1 and R 2 are different, one 
of them is a methyl or ethyl group and the other is 
a benzyl group, or a pharmaceutically acceptable 
salt thereof. 
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of treatment an effective amount of a 

METHODS FOR INHIBITING AORTAL SMOOTH formula I 

MUSCLE CELL PROLIFERATION AND 
RESTENOSIS WITH t,l,2-TRIPHENYLBUT-l-ENE 

DERIVATIVES 5 y Ri 

BACKGROUND OF THE INVENTION 

The present invention relates to the discovery that a 
group of 1,1,2-triphenylbut-l-ene derivatives are useful 10 
for inhibiting aortal smooth muscle cell proliferation, 
particularly restenosis, in humans. 

Aortal smooth muscle cell proliferation plays an im- 
portant role in diseases such as atherosclerosis and reste- 
nosis. Vascular restenosis after percutaneous translumi- [5 
nal coronary angioplasty (PTCA) has been shown to be 
a tissue response characterized by an early and late HO 
phase. The early phase, occurring hours to days after . . 
PTCA, is. due to thrombosis with some vasospasms „, rem JT ^ . , 

while the late phase appears to be dominated by exces- 20 7 Same or different Provided that, 

sive proliferation and migration of smooth muscle cells. whea R a ? d * J* 6 same ' each is a methyl or ethyl 
In this disease, the increased cell motility and coloniza- ?° Up ' ^ when 1 R R Me Afferent, one of them 
tion by smooth muscle cells and macrophages contrib- * a y ° r ^ ^"P 46 other b a bsn3 y i 
ute significantly to the pathogenesis of the disease. The grOUp * ° r * P hannaceutical »y acceptable salt thereof, 
excessive proliferation and migration of vascular 25 DETAILED DESCRIPTION OF THE 

smooth muscle cells may be the primary mechanism to INVENTION 
the reocclusion of coronary arteries following PTCA -™ „ r ^_, • . J , 

atherectomy, laser angioplasty, and arterial bypass graft • If , T ? ™<x™ methods for mbibit- 
surgery. See 'Tntimal ftolifaation of SmSuS ^^Tht^TrVt 1 ^^ 
Cells as an Explanation for Recurrent Coronary Artery 30 reS f^ m hum ^ T5le *™ mhlblt * defined to 
Stenosis after* Percutaneous TranslununaTcjor^y ^.S? accepted meamng which includes 
Angioplasty" Austin et aL, /<«W <,/ the Amerton TmorL oftl ""T"! T 

College of Cardiology 8: 369-375 (Aug. 1985). L^Z, f t, ^ °^f 8 " Chet * 

Vascular rested remains a majo^ long term com- ZH. Tmf iTT^^ 1^ ^ 
plication following surgical intervention of blocked * ^^^^L^LZ^lZ^J^t 
arteries by percutaneous transluminal coronary angio- ^ODri^T pophyhcbc treatment, as 

strategies for treating vascular restenosis include me- 
chanical intervention by devices such as stents or phar- Rl ro 
macologic therapies including heparin, low molecular 
weight heparin, conmarin, aspirin, fish oil, calcium an- ., 
tagonist, steroids, and prostacyclin. These strategies 
have failed to curb the reocclusion rate and have been 
ineffective for the treatment and prevention of vascular 
restenosis. See "Prevention of Restenosis after Percu- 
taneous Transluminal Coronary Angioplasty: The s0 
Search for a "Magic Bullet'," Hermans et al„ American 
Heart Journal 122: 171-187 (July 1991). 

In the pathogenesis of restenosis, excessive cell prolif- 
eration and migration occurs as a result of growth fac- 
tors produced by cellular constituents in the blood and 55 
the damaged arterial vessel wall which mediate the where™ 
proliferation of smooth muscle cells in vascular resteno- Rl and R 2 may be the sa 
Sls ' when R l and R 2 are the same, each is a methyl or ethyl 

Agents that mhibU the proliferation and/or migration group, and, when Rl and R 2 are different, one of them 
of aortal smooth muscle cells are useful in the treatment 60 is a methyl or ethyl group and the other is a benzyl 
and prevention of restenosis. The present invention group or a pharmaceutical^ acceptable salt thereof! 
provides for the use of compounds of formula I as aortal Compounds of formula I are known in the art and 
smooth muscle cell proliferation inhibitors. essentially are prepared via the methods described in 

SUMMARY OF THE INVENTION U S - Pat - No - 5,047,431, which is herein incorporated 

65 by reference. 

The present invention relates to methods for inhibit- A preferred formula I compound is that in which Rl 
ing aortal smooth muscle cell proliferation, particularly, and R 2 each are methyl. This preferred compound is 
re tenosi! "riang administering to a human in need known as drolojdfene which previously has been de- 
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scribed as an antiestrogenic agent and is useful for the 

treatment of hormonedependent mammary tumors Test Procedure 



(U.a Pat No. 5,047,431), and for the relief of bone General Preparation Procedure 

diseases caused by the deficiency of estrogen or the like fa th e examples illustrating the methods, a post- 

(U.S. Pat No. 5,254,594). Furthermore, droloxifene is 5 menopausal model is used to determine the effects of the 

known to have less of a uterotropic effect than other different treatments upon test animal uteri, 

antiestrogenic compounds such as tamoxifen. Seventy-five day old female Sprague Dawley rats 

Although the free-base form of formula I compounds (weight range of 200 to 250 g) are obtained from 

can be used in the methods of the present invention, his 10 Charles River Laboratories (Portage, Mich.). The ani- 

preferred to prepare and use a pharmaceuticaUy accept- ^ either bilaterally ovariectomized (OVX) or 

able salt form. Thus, the compounds used in the nteth- exposed to a Sham surgical procedure at Charles River 

ods of this invention form pharmaceutically acceptable Laboratories, and then shipped after one week. Upon 

acid and base addition salts with a wide variety of inor- amva1, Aey housed m metal hanging cages in 

ganic and, preferably, organic acids and include the 15 f 0 ^«? OT 4 Per cage and have ad Ubhum access to 

physiologically acceptable salts which are often used in <f ^^S^ET^ ^ 

pharmaceutkal chemistry. Such salts are also part of 2 ? r Ti SlLT^ 1 

such salts mclude hydrochloric, hydrobromic, hydroi- 12 hours dark, 

odic, nitric, sulfuric, phosphoric, hypophosphoric, and Dosing Regimen Tissue Collection, 

the Hke. Salts derived from organic acids, such as ali- After a one week acclimation period (therefore, two 

phatic mono and dkarboxylic acids, phenyl substituted weeks post-OVX) daily dosing with test compound is 

alkanoic acids, hydraxyalkanoic and hydroxyalkandioic initiated. 17a-ethynyl estradiol and the test compounds 

acids, aromatic acids, aliphatic and aromatic sulfonic 25 are given orally, unless otherwise stated, as a suspension 

acids, may also be used. Such pharmaceutically accept- u 20% cyclodextrin. Animals are dosed daily for 4 

able salts thus include acetate, phenylacetate, trifluor- day s - Following the dosing regimen, animals are 

oacetate, acrylate, ascorbate, benzoate, chlorobenzoate, weighed and anesthetized with a ketamine xylazme (2:1, 

dhutrobenzoate, hydroxybenzoate, methoxybenzoate, V:V) mixture and a blood sample is collected by cardiac 

methylbenzoate, o-acetoxybenzoate, naphthalene-2- 30 P unctnr f; animals are then sacrificed by asphyxia- 

benzoate, bromide, isobutyrate, phenylbutyrate, /3- b ^ w * *e uten^ is removed through a midline 

SfnSr l' hePta f° ate ' m V PUn,te ' laC - 35 Compounds of the present invention have capacity to 

tote, malate, maleate, hydroxymaleate, malonate, man- inhibit aortal smooth cell proliferation. This can be 

delate, mesylate, mcotinate, isonicotinate, nitrate, oxa- demonstrated by using cultured smooth cells derived 

late, phthalate, terephthalate, phosphate, mouohy- from rabbit aorta, proliferation being determined by the 

drogenphosphate, dihydrogenphosphate, metaphos- measurement of DNA synthesis. Cells are obtained by 

phate, pyrophosphate, propiolate, propionate, phenyl- 40 explant method as described in Ross, J. of Cell Bio, 50: 

propionate, salicylate, sebacate, succinate, suberate, 172 (1971). Cells are plated in 96 well microther plates 

sulfate, bisuifate, pyrosulfate, sulfite, bisulfite, sulfonate, for five **vs. The cultures become confluent and 

benzenesulfonate, p-bromophenylsulfonate, chloroben- growth arrested. The cells are then transferred to Dul- 

zenesulfonate, ethauesulfonate, 2-hydroxyethanesulfon- becco ' s Modified Eagles Medium (DMEM) containing 

ate, methanesulfonate, naphthalene- 1-sulfonate, naph- 45 ?; 5-2 , % P btelet P°° r P ,asma > 2 L-glutamine, 100 

thalene-2-sulfouate, p-toluenesulfonate, xylenesulfon- S^i!^^ "° f S , ^ to "\ yCm> 1 u mC/ml 

a^tartarat.andthelik.Aprefe^saltisthec.trate ^^^^^^^ 

are typicaUy formed by reactmg a compound of for- centratiou (0.01-30 mM) in the above aWy medium, 

mula I with an equmiolar or excess amount of acid. The Cells are then incubated at 37* C. for 24 hours under 5% 

reactants are generally combined in a mutual solvent CCV95% air. At the end of 24 hours, the cells are fixed 

such as diethyl ether or benzene. The salt normally in methanol. 3 H thymidine incorporation in DNA is 

precipitates out of solution within about one hour to 10 55 then determined by scintillation counting as described 

days and can be isolated by filtration or the solvent can "» Bonin, e aL, Exp, CeU Res, 181: 475-482 (1989). 

be stripped off by conventional means. Inhibition of aortal smooth muscle cell proliferation 

The pharmaceutically acceptable salts of formula I by the compounds of the present invention are further 

compounds generally have enhanced solubility charac- demonstrated by determining their effects on exponen- 

teristics compared to the compound from which they 60 tiaDy cells- Smooth muscle cells from rabbit 

are derived, and thus are often more amenable to formu- ~J2lf re sccded m 12 weU tiss,le aataze P& tes 

lation as liquids or emulsions. P*™ cont ^f lQ% {etai ^vine serum, 2 mM 

Once prepared, the free base or salt form of formula ^TT^F^f V ^f^ " Bd T? 

I compounds can be administered to an individual in 65 Hum"' f rlkcS^DM^M ^tSLT lW 

n^ of treatment for the methods herein described. ^"jS^^Ka'S 

The following nonlmutmg test examples illustrate the mg/ml streptomycin, and desired concentrations of the 

methods of the present invention. compounds. Cells are allowed to grow for four days. 
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Cells are treated with trypsin and the number of cells in Additionally, the compounds are well suited to for- 

each culture is determined by counting using a ZM- mutation as sustained release dosage forms and the like. 

Coulter counter. The formulations can be so constituted that they release 

Activity in the above tests indicates that the com- the active ingredient only or preferably in a particular 

pounds of the present invention are of potential in the 5 physiological location, possibly over a period of time, 

treatment of aortal smooth muscle cell proliferation, The coatings, envelopes, and protective matrices may 

particularly restenosis. be made, for example, from polymeric substances or 

For the methods of the present invention, compounds waxes, 
of Formula I are administered continuously, from 1 to 4 Compounds of formula. I generally will be adminis- 
times daily, m the case of restenosis, however, therapy 10 tered in a convenient formulation. The following for- 
may be limited to short (1-6 months) intervals following muktion examples only are illustrative and are not in- 
medical procedures such as angioplasty. tended to limit the scope of the present invention, cl 

As used herein, the term "effective amount" means an Formulations 
amount of compound of the methods of the present In the formulations which follow, "active ingredient" 
invention which is capable of inhibiting the symptoms IS means a compound of formula I, or a salt thereof, 
of the pathological conditions herein described. The Formulation 1: Gelatin Capsules 
specific dose of a compound administered according to Hard gelatin capsules are prepared using the follow- 
this invention will, of course, be determined by the ing: 
particular circumstances surrounding the case includ- 
ing, for example, the compound administered, the route 20 

of administration, the state of bong of the patient, and Ingredient Qnantrty (rag/capsule) 

the serverity of the pathological condition being Active ingredient 0.25-400 

treated. A typical daily dose will contain a nontoxic f^"^ „ t 650 

dosage level t>f from about 0.25 mg to about 400 sS^Tc^ote 

mg/day of a compound of the present invention. Pre- 25 

ferred daily doses generally will be from about 1 mg to _ „ 

about 20 mg/day. The formulation above may be changed in compli- 

The compounds of this invention can be administered ance witil the reasonable variations provided, 

by a variety of routes including oral, rectal, trans- A tablet formulation is prepared using the ingredients 

dermal, subucutaneus, intravenous, intramuscular, and 30 ^ ow: 

intranasal. These compounds preferably are formulated Formulation 2: Tablets 
prior to administration, the selection of which will be 

decided by the attending physician. Typically, a for- JZI 

mula I compound, or a pharmaceutically acceptable salt — 

thereof, is combined with a pharmaceutically accept- 35 ^ 

able carrier, diluent or excipient to form a pharmaceuti- Silicon dioxide, famed 10-tio 

cal formulation. Stearate acid S-1S 

The total active ingredients in such formulations ~ "~*~ 

comprises from 0.1% to 99 9% by weight of the formu- The components are blended and compressed to form 

lanon. By "pharmaceutically acceptable" it is meant the 40 tablets. 

c^er <iaue n t, exctpients, and/or salt must be compati- Alternatively, tablets each containing 0.25-100 mg of 

blewrth the other mgredtents of the formulation, and active ingredient are made up as follows: 

notdeletenous to the recipient thereof. Formulation 3: tablets 



of formula I can be prepared by procedures known in 45 

the art using well known and readily available ingredi- ingredient Quantity (mg/tablct) 

ents. For example, the compounds of formula I can be Active ingredient 0.25-400 
formulated with common excipients, diluents, or carri- 
ers, and formed into tablets, capsules, suspensions, pow- 
ders, and the like. Examples of excipients, dilaents, and : 
carriers that are suitable for such formulations include &*mrn* ^A^£&y\ 
the following fillers and extenders such as starch, sug- 
'tol, and silicic ' 



as 10% solution in water) 



as carboxymethyl cellulose and other cellulose deriva- 
tives, alginates, gelatin, and polyvinyl-pyrrolidone; 55 The active ingredient, starch, and cellulose are passed 
moisturizing agents such as glycerol; disintegrating through a No. 45 mesh U.S. sieve and mixed thor- 
agents such as calcium carbonate and sodium bicarbon- ougbly. The solution of polyvinylpyrrolidone is mixed 
ate agents for retarding dissolution such as paraffin with the resultant powders which are then passed 
resorption accelerators such as quaternary ammonium through a No. 14 mesh U.S. sieve. The granules so 
compounds; surface active agents such as cetyl alcohol, 60 produced are dried at 5O°-60' C and passed through a 
glycerol monostearate; adsorptive carriers such as kao- No. 18 mesh U.S. sieve. The sodium carboxymethyl 
lin and bentonitc; and lubricants such as talc, calcium starch, magnesium stearate, and talc, previously passed 
and magnesium stearate, and solid polyethyl glycols. through a No. 60 U.S. sieve, are then added to the gran- 
Tbe compounds also can be formulated as elixirs or ules which, after mixing, are compressed on a tablet 
solutions for convenient oral administration or as solu- 65 machine to yield tablets. 

tions appropriate for parenteral administration, for ex- Suspensions each containing 0.25-400 mg of medica- 

ample, by intramuscular, subcutaneous or intravenous ment per 5 ml dose are made as follows: 

routes- Formulation 4: Suspensions 
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1. A method for inhibiting aortal smooth muscle cell 

proliferation compi 

! need of treatment at 



30*8 
1.25 mg 
0-10 mL 



The medicament is passed through a No. 45 mesh 
U.S. sieve and mixed with the sodium carboxymethyl 
cellulose and syrup to form smooth paste. The benzoic 
acid solution, flavor, and color are diluted with some of 
the water and added, with stirring. Sufficient water is 1: 
then added to produce the required volume. 
An aerosol solution is prepared o 



Foimulation 5: Aerosol 



Quantity (% by weight) 



The active ingredient is mixed with ethanol and the 
mixture added to a portion of the propellant 22, cooled 
to 30* C, and transferred to a filling device. The re- 
quired amount is then fed to a stainless steel container 30 
and diluted with the remaining propellant The valve 
units are then fitted to the container. 



2,000 



The active ingredient is passed through a No. 60 
mesh U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimal 
necessary heat The mixture is then poured into a sup- 
pository mold of nominal 2 g capacity and allowed to 4 
cool. 

An intravenous formulation is prepared as follows: 
Formulation 7: Intravenous Solution 



The solution of the above ingredia 

"■■ d to a patient at a rate of about 1 mL per 




Rl and R 2 may be the same oi 
when R 1 and R 2 are the same, each is a methyl or 
ethyl group, and, when R 1 and R 2 are different, one 
of them is a methyl or ethyl group and the other is 
a benzyl group; 
or a pharmacentically acceptable salt thereof. 
2. A method for inhibiting restenosis comprising ad- 
mnistering to a human in need of treatment an effective 
unount of a compound formula I 




wherein 

R 1 and R 2 may be the same or different provided that, 
when R> and R 2 are the same, each is a methyl or 
ethyl group, and, when R 1 and R 2 are different, one 
of them is a methyl or ethyl group and the other is 
a benzyl group; 

or a pharmacentically acceptable salt thereof. 

3. A method according to claim 2 wherein the com- 
pound of formula I is a compound wherein R 1 and R 2 
each are methyl, or a pharmaceutically acceptable salt 
thereof. 

4. A method according to claim 3 wherein said salt 
thereof is the citrate salt 
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COMPOUNDS AND THERAPIES FOR THE 
PREVENTION OF VASCULAR AND NON- 
VASCULAR PATHOLOGIES 

PRIORITY OF INVENTION 

This application claims priority under 35 U.S.C. §119(e) 
from U.S. Provisional Patent Application Ser. No. 60/043, 
852, filed Apr. 11, 1997. 

BACKGROUND OF THE INVENTION 
TGF-beta dynamically regulates the differentiation of 
smooth muscle cells, and has been postulated to maintain 
vessel wall structure. TGF-beta also appears to possess 
immunosuppressive properties wbich protect the vascular 
endothelium against local inflammation and damage. 
Moreover, TGF-beta may inhibit the proliferation and 
migration of smooth muscle cells after vascular injury. 

TGF-beta is synthesized as a latent peptide (FIG. 1). 
Latent TGF-beta refers to any of several complexes that 
include the 25 kD TGF-beta dimer in association with the 
latency associated peptide (LAP) or any of several addi- 
tional TGF-beta binding proteins (LTBPs). Latent TGF-beta 
has no biological activity, i.e., it does not bind to the 
TGF-beta receptors. 

The 25 kD TGF-beta dimer is also found associated with 
matrix components or other plasma proteins (FIG. 1). TGF- 
beta that is associated with matrix components or other 
plasma proteins is termed mature TGF-beta. This association 
also prevents the binding of TGF-beta to the TGF-beta 
receptors. 

In addition to latent and mature forms of TGF-beta, which 
cannot bind to the TGF-beta receptors and which possess no 
known biological activity, TGF-beta also exists in forms 
which are capable of binding to the TGF-beta receptors and 
which elicit biological effects (FIG. 1). These forms of 
TGF-beta are termed "active TGF-beta." One example of a 
form of active TGF-beta is the 25 kD TGF-beta dimer which 
is free from association with LAP/LTBPs, or matrix or 
plasma components. The process(es) by which the latent 
form of TGF-beta is converted to the active form is termed 
"activation." The processes) by which the mature form of 
TGF-beta is converted to the active form is termed "release." 

Decreased levels of TGF-beta have been implicated in the 4 
development of atherosclerosis. Atherosclerosis is a disease 
of the major arteries, typified by changes in the vessel wall 
architecture. At lesion-prone sites where the endothelium 
becomes damaged or dysfunctional, smooth muscle cells 
from the media of the vessel migrate into the intima. At these s 
sites, leukocytes, and in particular, monocytes and macroph- 
ages invade the expanded intima. As the lesion develops, 
lipid from the circulation is deposited into the intima 
(reviewed in Ross, Nature, 362, 801 (1993); Grainger et al. 
Biol. Rev. Camb. Philos. Soc., 70, 571 (1995)). 5 

Agents which elevate TGF-beta activity, such as tamox- 
ifen (TMX) (Grainger et al., Biochem. J., 294 109 (1993)) 
and aspirin (Grainger el al., Nat. Med., 1, 74 (1995)), can 
exhibit cardioprotective effects. However, the positive car- 
dioprotective effects of these agents may be counlerindi- $ 
cated by their potential side effects. TMX can cause liver 
carcinogenicity in rats, has been correlated with an increased 
risk of endometrial cancer in women and may increase the 
risk of certain gut cancers. Aspirin may result in ulcerogen- 
esis and increased bleeding. 6 

Agents which elevate TGF-beta levels may also be useful 
to prevent or treat disease 



cialed with inflammation, such as rheumatoid arthritis, mul- 
tiple sclerosis and lupus erythematosus, and other auto- 



Tbus, there is a need for improved therapeutic methods 
and agents useful to maintain or elevate TGF-beta levels in 
10 mammals. 

SUMMARY OF THE INVENTION 



a human, in 



The present invention provides a method tc 
15 elevate TGF-beta levels in a mammal, such as 
need of such therapy. The method c 
an effective amount of an aspirinate as defined herein. The 
method can also be carried out by administering an amount 
of a first therapeutic agent effective to elevate the level of 
2Q latent TGF-beta and an amount of a second therapeutic agent 
effective to increase the level of TGF-beta which is capable 
of binding to the TGF-beta receptors, wherein said amounts 
are effective to maintain or elevate the level of TGF-beta in 
said mammal. 

25 The invention also provides a method of preventing or 
treating a mammal, such as a human, having, or at risk of, 
a vascular indication which is associated with a TGF-beta 
deficiency. The method comprises the administration of an 
amount of an aspirinate that elevates the level of TGF-beta 
30 in said mammal so as to inhibit or reduce diminution in 
vessel lumen diameter. Preferably, the levels of active TGF- 
beta are elevated after administration of the aspirinate. 

Preferred agents useful in the practice of the invention are 
copper aspirinates. Preferably, the effective amount of 
35 aspirinate inhibits lipid accumulation, increases plaque 
stability, decreases lesion formation or development, pro- 
motes lesion regression, or any combination thereof. Agents 
useful in the practice of the method include aspirinate salts 
such as copper salts of aspirinates, including copper aspiri- 
40 nate itself (copper 2-acetylsalicylate or copper 
2-acetoxybeozoate), salicylate salts such as copper salts of 
salicylates, including copper salicylate (copper 
2-bydroxybenzoate), or a compound of formula (I) (see 
below) including a pbarmaceutically acceptable salt thereof, 
45 or a combination thereof. 

An aspirinate useful in the present invention is a com- 
pound of formula (I): 



wherein 

R 1 is hydrogen, halo, nitro, cyano, hydroxy, CF 3 , 
— NR c R rf , — q=0)OR c , — C(=N)OR„— OC(=0) 
OR„, (C.-C^alkyl or (Cj-C^alkoxy; 

R 2 is hydrogen or — XR„; 

R 3 is — C(=0)YR i , or — N(R^C(=0)R g — ; 

R" is (=0)„; or R 4 is (C,-C 6 )alkyl, (Cj-C 6 )alkanoyl or 
(Cj-C^alkanoyloxy, 

R s is hydrogen, -C(=0)OR„ or — C(=0)SR A ; 
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X is oxygen, —N(R^—, or sulfur, 
Y is oxygen or sulfur, 

R, is (Cj-C^alkaooyl, (Q-C^alkyl, or hydrogen; 
R;, is hydrogen or (Cj-Cyalkyl; 

R c and R rf are each independently hydrogen, (Cy-C 4 ) 
alkyl, phenyl, C(=0)OH, C(=0)0(C I -C 4 )alkyl 
CH 2 C(=0)OH, CH 2 C(=0)0(C J -C 4 )alkyl, or 
(C,-C 4 )alkoxy; or R c and R rf together with the nitrogen 
to which they are attached are a 3, 4, 5, or 6 membered 
heterocyclic ring; and 
R e -R, are independently hydrogen or (Cj-C^alkyl; 1 
a pharmaceutically acceptable salt thereof; or a combina- 

provided that R 2 and R 3 are on adjacent positions of the 2 
ring to which they are attached, or are on the 2- and 
5-positions of the ring; and further provided that when 
R 2 is hydrogen; R 3 is on the 2 — or 5-position of the 
ring to which it is attached and R 4 is (C,-C 4 ) 
alkanoyloxy. Preferably, the compound of formula (I) is 2 
not 3-aceloxy-2-carboxythiophene. 
Also provided is a method of preventing or treating a 
mammal having, or at risk of, a vascular indication by 
administering there to an amount of a first therapeutic agent 
and an amount of a second therapeutic agent which together 
are effective to elevate the level of TGF-beta, preferably the 
level of active TGF-beta, in said mammal. Preferably, the 
administration inhibits or reduces diminution in vessel 
lumen diameter. The inhibition or reduction in diminution in 
vessel lumen diameter preferentially occurs at a site in a 
vessel where the vascular indication is, or is likely to be, 
manifested. The invention thus provides for combination 
therapy, e.g., the administration of one agent that can elevate 
the level of latent TGF-beta, and another agent that can 
elevate the level of TGF-beta which is available to bind to, 
or is capable of binding to, the TGF-beta receptor. This 
combination therapy can yield a significantly greater car- 
diovascular efficacy than would be expected from the 
administration of either agent singly. The therapeutic agents 
can act in a synergistic, rather than in an additive, manner to 
elevate TGF-beta levels. The therapeutic agents can be 
administered simultaneously in a single dosage form simul- 
taneously in individual doses, or sequentially. 

A first therapeutic agent useful in this embodiment of the 
invention includes an aspirinale, e.g., a compound of for- 
mula (I). Another preferred first therapeutic agent comprises 
a compound of formula VI (see below). A preferred second 
therapeutic agent useful in this embodiment of the invention 
comprises at least one omega-3 fatty acid, which can be 
provided, e.g., by dosages of fish oil. Another preferred 
second therapeutic agent is selected from at least one 
compound of formula VI. Thus, a compound of formula VI 
may both elevate latent levels of TGF-beta and elevate the 
levels of TGF-beta which can bind to the TGF-beta recep- 
tors. Preferably, the combination of the therapeutic agents 
inhibits lipid accumulation, increases plaque stability, 
decreases lesion formation or development, promotes lesion 
regression, or any combination thereof. 



R is (Cj-C 6 )aBcyl, or aryl, optionally substituted by 1, 2, 
or 3 V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
15 is (A-C^alkyl, halo^-C^alkyl, (C.-C^ 
cycloalkyl, (Q-C^alkylcycloCCj-C^alkyl, (C 2 -C 6 ) 
cycloalkenyl, or (Cj-C^alkyXCj-Cjcycloalkenyl; 
R 8 is hydrogen or phenyl, optionally substituted at the 
2-position with R,, and optionally substituted by 1, 2, or 
3 V; 

R 9 is hydrogen, nitro, halo, aryl, heteroarvl, arya^-*^) 
alkyl, heteroaryl(C 1 -C 3 )alkyl, halo^-Cj^alkyl, 
cyano(C 3 -C 12 )alkyl, (Cj-C 4 )alkoxycarbonyl(C 3 -C 6 ) 
^ alkyl, (C,-C 12 )alkyl, (Cj-C^cycloalkyl, (C 3 -C s ) 
alkylcyclo(C 3 -C 6 )alkyl, (Cj-C^cycloalkeny), or 
(Cj-C^alky^Cj-QJcycloalkenyl, wherein any aryl or 
heteroaryl may optionally be substituted by 1, 2, or 3, 
V;or 

30 R 9 and R,- together are — CH 2 CH 2 — , — S— , — O— 
— N(H) — , — NTCQ-C^alkyl]— , — OCHj— — OC 
[(C.-C^alkylL- or --CH=CH-; 
— is a single bond or is — C(B)(D)—, wherein B and D 
are each independently hydrogen, (C,-C 6 )alkyl, or 
35 halo; 

V is 0P0 3 H 2 , (Cj-C^lkyl, (Cj~C 6 )alkoxy, mercapto, 
(Cj-CJalkylthio, halo, trifluoromethyl, 
pentafiuoroethyl, nitro, N(RJ(R„), cyano, 
Irifluoromethoxy, pentafluoroethoxy, benzoyl, hydroxy, 
"0 -(CH^C^XC.-C^alkyl, _uc(=0)(Cj-C 6 ) 
alkyl, benzyl, — 0S0 2 (CH 2 ) 0 . 4 CH 3 , — U(CH 2 )^ 
COOR„, — (CH 2 ) 0 . 4 C00R„, — U(CH 2 ) 2 4 0R_, 

-Kch^or,,, - ucay^c^ojR,, -<ch 2 ) 0 4 c 

(=0)R„ -U(CH 2 ), 4 R t , — (CH 2 ) 0 4 R„ or 
*5 — UCCH^OC^COR,,; wherein U is 0, N(R,„), or S; 
Z is— (CH^.3— , O, — OCH 2 — , — CH 2 0— , — C(=0) 

O— , — N(R ? )—, C=0, or a covalent bond; 
Rf. is amino, optionally substituted with one or two 
(C,-C 6 )alkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(R 2 ), S, or nonperoxide O, 
wherein R J is H (C,-C 6 )alkyl, phenyl, or benzyl; 
R„ and R„ are independently hydrogen, (C,-C s )alkyl, 
phenyl, benzyl, or (Cj-C^alkanoyl; or R„ and R„ 
S5 together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 
R, is H or (C^^alkyk and 

R m and R, are independently hydrogen, (C,-C s )alkyl, 
phenyl, benzyl, or (Cj-C 6 )alkanoyl; 
60 the compound is MER25; 

or a pharmaceutically acceptable salt thereof. 
As described bereinbelow, the combination of aspirin plus 
an agent such as fish oil that increases the level of TGF-beta 
which is capable of binding to the TGF-beta receptors, 
65 results in a greater reduction in lesion formation in apoE 
knockout mice relative to aspirin or fish oil therapy alone. 
Surprisingly, the combination of aspirin and fish oil, which 
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comprises a plurality of omega-3 fatty acids, exerts a mark- tion of one or more agents in an amount effective to elevate 

edly synergistic, rather than an additive, effect. Thus, a or maintain the level of TGF-beta in said mammal. The 

combination of an agent that elevates the level of latent effective amount of the agent or agents may increase the 

TGF-beta, e.g., low doses of aspirin or an aspirinate, with an lev el of latent TGF-beta or the level of TGF-beta which is 

agent that increases the level of TGF-beta which can bind to 5 capable of binding to the TGF-beta receptors. Agents useful 

its receptor, e.g., at least one omega-3 fatty acid, can be very to increase the level of latent TGF-beta include, but are not 

effective in preventing or treating vascular disease. As used limited to, idoxifene, toremifene, raloxifene, droloxifene, 

herein, "at least one" omega-3 fattv acid reflects the fact that ^"V 1 . estradiol, dietbylstibestrol, 1 ,25 dihydroxy-vilamin 

one of skill in the art would recognize that natural sources P x 3 / r '' mo . lc acid and h ?f d P hm !^^f*^ U f r S f 

of omega-3 fatty acids contain a plurality, about 1 to 30, 10 <M"H««J« et al. Nature 1997 386: 407-410), 

ot omega-3 tatty acds amethylene bisacetamide, 4-hydroxyquinazoline, coumarin 

Another embodiment of the invention is a method for and benzocaine 

preventing atherosclerosis in a mammal at risk therefor, or Agems ^ , Q mcrease the ]eve , of TGF ^ eIa which 



treating atherosclerosis in a mammal, by administering to 15 capabIe of buldmg t0 me TGF-beta receptors include agents 

the mammal an amount of a first therapeutic agent and an mat cause the re]ease of TG F-beta from matrix components 

amount of a second therapeutic agent effective to maintain 0 r plasma proteins, e.g., agents such as heparin sugar 

or elevate the level of TGF-beta. The first therapeutic agent analogs and betaglycan proteoglycan chains, or cause the 

preferably increases the level of latent TGF-beta, e.g., is release of TGF-beta from lipoproprotein complexes, e.g., 

aspirin or an aspirinate, or a combination thereof, and the 20 agents such as vitamin E, simvastatin, VLDL-lowering 

second therapeutic agent increases the level of TGF-beta agents, Apo-AII-lowering agents, and ApoAI-stimulating 

which is capable of binding to the TGF-beta receptors. Thus, agents. Other agents useful to increase the level of TGF-beta 

the agents of the invention are administered in a combined which is capable of binding to the TGF-beta receptors 

amount that prevents or inhibits diminution in vessel lumen include agents that cause an increase in the conversion of the 

diameter at, or near, a site or potential site of atherosclerotic 25 latent form of TGF-beta to the active form of TGF-beta, e.g., 

lesion formation or development. A preferred first therapeu- hydrocortisone, dexameihasone, compounds of formula VI, 

tic agent comprises aspirin or an aspirinate. A preferred vitamin D3, retinoic acid, simvastatin and ihrombospondin. 

second therapeutic agent comprises at least one omega-3 Also provided is a kit comprising packing material 

fatly acid. enclosing, separately packaged, at least one device adapted 

The invention also provides a method to inhibit dimimi- 30 for the delivery of a unit dosage form of a therapeutic agent 

lion in mammalian vessel lumen diameter. The method and at least one unit dosage form comprising an amount of 

comprises administering to a mammal in need of said at least one of the therapeutic agents of the invention 

therapy, an amount of a first therapeutic agent and an amount effective to accomplish al least one of the therapeutic results 

of a second therapeutic agent effective to maintain or elevate described herein when administered locally or systemically, 

the level of TGF-beta, so as to inhibit or reduce vessel lumen 35 as well as instruction means for its use, in accord with the 

diminution. The inhibition or reduction in diminution in present methods. As used herein, a "device adapted for 

vessel lumen diameter preferentially occurs at a site in a delivery" of a therapeutic agent includes, but is not limited 

vessel where the diminution is or is likely to be manifested. to, a catheter, a stent, a stet, a shunt, a synthetic graft, and the 

The first therapeutic agent increases the level of latent like. 

TGF-beta, with the proviso that the first therapeutic agent is 40 Also provided is a kit comprising packing material 

not aspirin. The first therapeutic agent is preferably an enclosing, separately packaged, at least one device adapted 

aspirinate. The second therapeutic agent increases the level for the delivery of a therapeutic agent to a site in the lumen 

of TGF-beta which is capable of binding to the TGF-beta of a mammalian vessel and at least one unit dosage form of 

receptors. a first therapeutic agent and one unit dosage form of a 

Also provided is a combination therapy to maintain or 45 second therapeutic agent effective to accomplish al least one 
elevate TGF-beta levels in a mammal in need of such of the therapeutic results described herein when adminis- 
trealment. The method comprises the administration of an tered locally or systemically, as well as instruction means for 
amount of a first therapeutic agent and a second therapeutic its use, in accord with the present methods, 
agent, wherein said amount is effective to maintain or Further provided is a pharmaceutical composition corn- 
elevate the level of TGF-beta. The first therapeutic agent 50 prising a) at least one aspirinate, and b) at least one omega-3 
increases the level of latent TGF-beta, while the second fatty acid, wherein components (a) and (b) are present in a 
therapeutic agent increases the level of TGF-beta which is combined amount effective to maintain or increase TGF- 
capable of binding to the TGF-beta receptors. A preferred beta levels, preferably al or near a site, or potential site, of 
first therapeutic agent comprises aspirin or an aspirinate, atherosclerotic lesion formation or development, 
while a preferred second therapeutic agent comprises at least 55 The invention also provides a pharmaceutical composi- 
one omega-3 fatty acid. tion comprising (a) an amount of a first agent effective to 

The invention also provides a method to maintain or elevate the level of latent TGF-beta; and (b) an amount of a 

elevate TGF-beta levels in a mammal in need of such second agent effective to increase the level of TGF-beta 

treatment. The method comprises the administration of an which is capable of binding to the TGF-beta receptors, 

amount of an aspirinate effective to maintain or elevate the 60 The invention also provides a pharmaceutical composi- 

level of TGF-beta, preferably active TGF-beta, in said tion comprising a) an aspirinate, such as copper 

mammal. 2-acetylsalicylate or a compound of formula (I), and b) a 

The invention also provides a method of preventing or compound of formula (VI), wherein components (a) and (b) 

treating a mammal having, or preventing in a mammal al are present in a combined amount effective to maintain or 

risk of, a condition which is associated with a TGF-beta 65 increase TGF-beta levels, preferably at or near a site, or 

deficiency. Also provided is a method to maintain TGF-beta potential site, of atherosclerotic lesion formation or devel- 

levels in a mammal. The methods comprise the administra- opmenL 
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Also provided are novel compounds of formula (l), (II), betic individual K (d) Diabetic individual L. Letters desig- 

(III), (IV), (V), (VI), (VII), or (VIII) or pharmaceutically nating the individuals shown refer to individuals in Table 1. 

acceptable salts thereof, and pharmaceutical compositions FIG. 4 depicts the effecl of fish oil therapy on the 

comprising a novel compound of formula (I), (II), (III), (IV), association of TGF-beta with lipoprotein. Platelet-poor 

(V), (VI), (VII), or (VIII) as described herein or a pharma- 5 plasma was prepared from 36 individuals prior to receiving 

ceutically acceptable salt thereof, which are useful alone, or fish oil, after 4 weeks of dietary supplementation with 2.4 

in combination, to elevate the level of TGF-beta in a fish oil and then after 9 weeks with no fish oil 

mammal. supplementation. 

The invention also provides a therapeutic method. The FIG. 5 depicts the effect of aspirin on vascular smooth 

method comprises identifying a patient exhibiting a 10 muscle cells. A) Dose response curve showing the inhibitory 

decreased level of active TGF-beta and afflicted with a effects of increasing amounts of aspirin on human vascular 

pathology associated with said decreased level. The patient smooth muscle cell proliferation. B) Percent increase in cell 

so identified can be treated with an agent that elevates the number in treated versus untreated human vascular smooth 

levels of active TGF-beta so as to alleviate at least one of the muscle cells. 

symptoms of said pathology. 15 FIG. 6 depicts the relationship between TGF-beta con- 

The invention also provides a method comprising deter- centration found in the sera of normal individuals (A), 

mining endothelial cell activation in a mammal by detecting individuals with triple vessel disease (B) and both popula- 

immunoglobulins that specifically bind to a TGF-p" Type II lions (C), who were undergoing aspirin therapy. 

receptor or a portion thereof. FIG. 7 depicts the effect of tamoxifen (TMX) treatment on 

The invention also provides a method comprising diag- 20 plasma TGF-beta over time. Active TGF-beta (•) and (a+1) 

nosing or monitoring a disease characterized by endothelial TGF-beta (o) were assayed by ELISA in platelet poor 

cell activation (e.g. atherosclerosis) in a mammal by detect- plasma drawn at various times after beginning treatment 

ing immunoglobulins that specifically bind to a TGF-f3 Type with 40 mg/day TMX. 

II receptor or a portion thereof. FIG. 8 depicts the effect of tamoxifen (TMX) on various 

The invention also provides a method comprising detect- 25 cardiovascular risk factors. A) Lipoprotein^) amounts. B) 

ing mammalian cells having TGF-D Type II receptors, by Proportion of TGF-beta associated with the lipoprotein 

combining the cells with a capture moiety that binds TGF-P fraction. * 

type II receptors or a portion thereof, forming a capture no. 9 depicts the lesion area in C57B 16, apo(a) or 

complex; and detecting or determining the amount of the apo(E)-/- mice fed a normal diet, high fat diet or high fat diet 

capture complex. 3 o supplemented with TMX. 

The invention also provides a kit comprising packaging FIG. 10 dep.cts the distribution of TGF-beta between the 

e m x f C ?«r m ? »> * ^ 'Wismg the plasma (open m) and varjous K in fracUons a , 

extrace hilar domain of Uie TGF-f J Type II receptor; and b) baseljne (a) and after 8 hours during a fat tolerance test (b). 

a detection moiety capable of binding to an nruminoriobu- c,^ « u , ».™ 

lin. The invention also provides a kit comprising packaging 35 ■ *? G ". f U ^ZV^TTlf ^ST* 

material containing: a) a capture moiet/that finds tothf -*«.fene DDAC Analog II), and DTAC (102b). 

extracellular domain of the TGF-P Type II receptor; and b) FI °" 12 de ? 1C * ,he P athwa y s b V W0IC Q steroid and 

a detection moiety capable of binding to an immunoglobu- ^tO'd-mimetic drugs act to produce anti-inflammatory 

j m v effects and also undesirable side effects. The therapeutic 
action of ER/NFkB modulators is also depicted. 

BRIEF DESCRIPTION OF THE FIGURES 40 FIG. 13 depicts the pathway by which ER/NFkB modu- 

FIG. 1 is a schematic depicting the different forms of lators upregulate cellular mRNA encoding for TGF-beta. 

TGF-beta. TGF-beta is produced as a small latent complex DETAILED DESCRIPTION OF THE 

(1) which is associated with the propeptide region termed INVENTION 

LAP (thin black lines). During, or after secretion, of the 45 Administration of a Therapeutic Agent 

small latent complex additional proteins (hatched oval), %e ioventioD jdes , metho(J of , mammal 

e.g., LTBP-1, bind to the small latent complex to form the having , or „ risk of> , indication (e . g . , vascu]ar i„ dical i on) 

arge latent complex (2). Latent compkxes can be converted assoc ; alecl witb a TG ^.^ deficiency . ^ mvention also 

to the active form of TGF-beta, e.g, the 25 kD dimer (5) or pr0 vides a method to maintain elevated levels of TGF-beta 

the 25 kD d.mer which is associated with a peptide of LAP 50 in a mamnla i wbich ^ imminentlv al risk of> or does not 

(6). Examples of mature forms of TGF-beta are TGF-beta have> an indicalion associated wi[h , deficj Jn TGF ^ £ta 

associa ed with l.poprote.n (stippled oval) (3) or TGF-beta levels . llie metbods ise lhe administral [ on of al leasl 

associated with a matrix protein (helical fiber) (4), e.g., one i h e rap eutic agent that elevates the level of TGF-beta in 

hbnlIm - said mammal. Preferably, the agent elevates the level of 

FIG. 2 depicts the association of increasing amounts of S 5 latent TGF-beta, for example by causing an increase in the 

lipoprotein with (A) a reduction in TGF-beta binding to the level of TGF-beta mRNA, causing an increase in the trans- 

TGF-beta receptor (R2X); and (B) an increasing amount of lational efficiency of TGF-beta mRNA, or by causing an 

TGF-beta necessary to half maximally inhibit mink lung cell increase in the secretion of latent TGF-beta. 

proliferation. Another preferred embodiment is an agent that increases 

FIG. 3 depicts the association of TGF-beta with different 60 the level of TGF-beta which is capable of binding to the 

lipoprotein classes. Profile of lipoprotein particle elulion TGF-beta receptors, for example by causing the release of 

measured as total cholesterol (...) and TGF-beta elution TGF-beta from matrix components of plasma proteins, by 

(open circles) following separation of the lipoprotein frac- causing the release of TGF-beta from lipoprotein 

tion (d<1.215 g/cm 3 ) by gel filtration chromatography. The complexes, or by causing an increase in the conversion of 

position of the major lipoprotein classes are marked by 65 the latent to the active form of TGF-beta. 

reference to the elution times of the major apolipoproteins. Yet another embodiment of the invention employs the 

(a) Healthy individual A (b) Healthy individual C (c) Dia- systemic administration of a therapeutic agent, e.g, a com- 
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pound of formula (I) including a pbarmaceutically accept- can be administered simultaneously as a single dose, simul- 

able salt thereof, or a combination thereof, in an amount taneously in individual doses, or sequentially, 

effective to inhibit or reduce the diminution in vessel lumen One embodiment of the invention employs the systemic 

diameter in a diseased, e.g., atherosclerotic, or traumatized, administration of a first therapeutic agent, e.g., an aspirinale 

e.g., due to stent placement, vessel. 5 such as copper 2-acetylsalicylate, a compound of formula 

Systemic administration of a therapeutic agent can also be (1), or a combination thereof, in combination with a second 

employed to treat or prevent pre-alherosclerotic conditions, therapeutic agent, e.g., a compound of formula (VI), in an 

e.g., in patients at a high risk of developing atherosclerosis amount effective to increase TGF-beta levels. The increase 

or exhibiting signs of hypertension resulting from athero- in TGF-beta levels, in turn, inhibits or reduces the diminu- 

sclerotic changes in vessels or vessel stenosis due to hyper- to tion in vessel lumen diameter in a diseased, e.g., 

trophy of the vessel wall. Preferably, the therapeutic agent is atherosclerotic, or traumatized, e.g., due to stent placement^ 

administered orally. It is also preferred that the agent useful vessel. The increase in TGF-beta levels can also inhibit 

in the practice of the invention is administered continually atherosclerotic lesion formation or development, increase 

over a preselected period of time or administered in a series plaque stability and/or promote lesion regression, 

of spaced doses, i.e., intermittently, for a period of time as is Systemic administration of the therapeutic agents can also 

a preventative measure. be employed to treat or prevent pre-atherosclerotic 

For the prevention of vessel lumen diminution associated conditions, e.g., in patients at a high risk of developing 

with procedural vascular trauma, the therapeutic agent can atherosclerosis or exhibiting signs of hypertension resulting 

be administered before, during or after the procedure, or any from atherosclerotic changes in vessels or vessel stenosis 

combination thereof. For example, for the prevention of 20 due to hypertrophy of the vessel wall. Preferably, at least one 

restenosis, a series of spaced doses of the therapeutic agent, of the therapeutic agents is administered orally, 

optionally, in sustained release dosage form, is preferably It is also preferred that the agents useful in the practice of 

administered before, during and/or after the traumatic pro- the invention are administered continually over a preselected 

cedure (e.g., angioplasty). The dose may also be delivered period of time or administered in a series of spaced doses, 

locally, via a catheter introduced into the afflicted vessel 25 i.e., intermittently, for a period of time as a preventative 

during the procedure. After the traumatic procedure is measure. 

conducted, a series of follow-up doses can be administered A preferred embodiment of the invention provides a 

syslemicaUy over lime, preferably in a sustained release method for the treatment or prevention of atherosclerosis, 

dosage form, for a time sufficient to substantially reduce the wherein an omega-3 fatty acid in combination with aspirin 

nsk of, or to prevent, restenosis. A preferred therapeutic 30 or an aspirinate, is administered so as to inhibit (block or 

protocol duration for this purpose involves administration reduce) atherosclerotic lesion formation or development 

from about 3 to about 26 weeks after angioplasty. e.g., so as to inhibit lipid accumulation, increase plaque 

Combination Therapies stability or promote lesion regression. In this embodiment of 

The invention provides combination therapies, i.e., the the invention, it is preferred that the therapeutic agents are 

administration of at least two therapeutic agents which 35 orally administered. Preferably, copper aspirinate and an 

together are effective to maintain or elevate TGF-beta levels omega-3 fatty acid are orally administered. A preferred 

in a mammal. Accordingly, the invention provides a method source of the omega-3 fatty acid is fish oil. 

of preventing or treating a mammal having, or at risk of, an Another preferred embodiment of the invention provides 

indication which is associated with a TGF-beta deficiency, a method for the treatment or prevention of atherosclerosis, 

comprising administering an amount of a first agent effective 40 wherein at least two therapeutic agents of the invention are' 



to elevate the level of latent TGF-beta and an ai 



it (block c 



0 increase the level of TGF-beta reduce) atherosclerotic lesion formation or development, 

which is capable of binding to the TGF-beta receptors, e.g., so as to inhibit lipid accumulation, increase plaque 

wherein said amounts arc effective to increase the TGF-beta stability or promote lesion regression. In this embodiment of 
levels in said mammal. 45 (he invention, it is preferred that at least one of the thera- 

The invention also provides a method comprising admin- peutic agents is orally administered, 

istering an amount of a combination of aspirin or an aspiri- Combination therapies are also useful to treat vessels 

nate and at least one omega-3 fatty acid, wherein said traumatized by interventional procedures. For example for 

amount is effective to maintain or elevate the level of "~ ' 
TGF-beta in said mammal. 



the prevention of restenosis, a series of spaced doses of at 
least two of the present therapeutic agents, optionally, in 



The invention also provides a method of preventing or sustained release dosage form, are preferably . 

treating a mammal having, or at risk of, a vascular indication before and after the traumatic procedure (e.g., angioplasty), 

which is associated with a TGF-beta deficiency, comprising The dose may also be delivered locally, via a catheter 

administering an effective amount of a combination of an introduced into the afflicted vessel during the procedure, 

aspirinate and at least one omega-3 fatty acid, wherein said 55 After the procedure is conducted, a series of follow-up doses 

amount is effective to increase the level of TGF-beta so as of, optionally, both agents, can be administered systemically, 

to inhibit or reduce vessel lumen diameter diminution. The preferably in a sustained release dosage form, for a time 

invention also provides for the administration of at least two sufficient to substantially reduce the risk of, or to prevent, 

therapeutic agents which together are effective to elevate the restenosis. As noted above, a preferred duration for this 

levels of TGF-beta in a mammal so as to inhibit or reduce 60 purpose is from about 3 to about 26 weeks after angioplasty, 

vessel lumen diameter diminution. The invention also pro- Kits Comprising a Delivery Device and the Therapeutic 

vides combination therapies to maintain elevated levels of Agents of the Invention 

TGF-beta in a mammal which is not imminently at risk of, The invention provides a kit comprising packing material 

or does not have, a vascular indication associated with a enclosing, separately packaged, at least one device adapted 

deficiency in TGF-beta levels. The therapeutic agents can be 65 for the local or systemic delivery of a therapeutic agent, e.g., 

selected to act in a synergistic, rather than in an additive, a catheter, a valve, a stent, a stet, a shunt or a synthetic grafX 

manner to elevate TGF-beta levels. The therapeutic agents and at least one unit dosage form, as well as instruction 
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means for their use, in accord with the present methods. A 
valve, stent or shunt useful in the methods of the invention 
can comprise a biodegradable coating or porous non- 
biodegradable coating, having dispersed therein a therapeu- 
tic agent of the invention, preferably a sustained release 
dosage form of the therapeutic agent. The unit dosage form 
comprises an amount of at least one of the present thera- 
peutic agents effective to accomplish the therapeutic results 
described herein when delivered locally and/or systemically. 
A preferred embodiment of the invention is a ki 
a catheter adapted for the local delivery of 
therapeutic agent to a site in the lumen of a 
vessel, along with instruction means directing its use in 
accord with the present invention. Preferably, the therapeutic 
agent comprises a copper aspirinate. 15 

The invention provides a lot comprising packing material 
enclosing, separately packaged, at least one device adapted 
for the local or systemic delivery of a therapeutic agent, e.g., 
a catheter, a valve, a stent, a stet, a shunt or a synthetic graft, 
and at least one unit dosage form which may comprise an 20 
amount of at least two of the present therapeutic agents 
effective to accomplish the therapeutic results described 
herein. 

Another embodiment of the invention is a kit comprising 
a catheter adapted for the local delivery of at least two 25 
therapeutic agents, a unit dosage of a first therapeutic agent, 
and a unit dosage of a second therapeutic agent, along with 
instruction means directing their use in accord with the 
present invention. The unit dosage forms of the first and 
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bit increased tPA activity (e.g., retinoids, such as Vita- 
D3); and agents which exhibit non-plasmin mediated 
'ation (e.g, thrombospondin and Vitamin D3). 

"Agents which increase the level or TGF-beta wh ich is 
capable of binding to the TGF-beta receptors" includes 
moieties capable of activating the latent form of TGF-beta to 
the active form thereof, moieties which release TGF-beta 
from complexes of matrix components and TGF-beta, com- 
plexes of plasma proteins and TGF-beta and/or complexes 
of lipoproteins and TGF-beta. A number of compounds of 
formula (VI) can increase the level of TGF-beta which is 
capable of binding to the TGF-beta receptors. 

"Agents which release TGF-beta from the extracellular 
matrix" include moieties such as heparin, heparin sugar 
analogs (e.g., fucoidin) and betaglycan proteoglycan chains. 

"Agents which release TGF-beta from lipoprotein seques- 
tration" include moieties such as Vitamin E and its salts 
(e.g., Vitamin E succinate), fish oil, simvastatin, other 
VLDL-lowering agents, apo-AII-lowering agents, and 
apoAI-stimulating agents. 

"ApoAII-lowering agent" includes an agent which 
decreases the synthesis of apoAll, decreases the post- 
translational insertion of apoAII into nascent HDL particles 
or stimulates the clearance of apoAll-containing particles, 
e.g., by immunoapheresis of plasma with anti-apoAJI anti- 

"ApoAI stimulating agent" includes an agent which 
tes the synthesis of apoAl, stimulates HDL produc- 
extends the half-life of apoAl-HDL particles. For 



second agents may be introduced via discrete lumens of a 30 example, estrogen or estrogen agonists, or analogs and 

catheter, or mixed together prior to introduction into a single derivatives thereof, an agonist of hepatic nuclear factor 

lumen of a catheter. If the unit dosage forms are introduced (HNF) 3 or 4, or an agonist of the retinoid receptor, may 

into discrete lumens of a catheter, the delivery of the agents increase apoAI transcription. 

to the vessel can occur simultaneously or sequentially. "Aspirinate" refers generally to aspirin derivatives and 

Moreover, a single lumen catheter may be employed to 35 analogs, including pharmaceutical^ acceptable salts 

deliver a unit dosage form of one agent, followed by the thereof, with the exception that aspirin itself is not included 

reloading of the lumen with another agent and delivery of within the term "aspirinate". The term includes, but is not 

the other agent to the lumen of the vessel. Either or both unit limited to, 3,5-diisopropyl salicylic acid, salicylic acid, 

dosages can act to reduce the diminution in vessel lumen 3,5-di(terliarybutyl)salicylic acid, adamantylsalicylic acid, 

diameter at the target site. 40 3,5-dibromoacetyIsalicylic acid, 3,5-diiodoacetyIsalicylic 

Alternatively, a unit dosage of one of the therapeutic acid, 4-(tertiarybutyl)salicylic acid, 4-nilrosalicyIic acid, 

agents may be administered locally, e.g., via catheter, while 4-aminosalicylic acid, 4-acetylaminosalicylic acid, 

a unit dosage of another therapeutic agent is administered 5-chlorosalicylic acid, 3,5-dicblorosalicylic acid and salts 

systemically, e.g., via oral administration. It is al so envi- thereof, and compounds of formula (I) and their salts, 

sioned that the kit of the invention comprises a non-catheter 45 Preferably, the aspirinate is provided in essentially pure 

delivery device, e.g., a valve, stet, stent or shunt, for form, most preferably in a unit dosage form, in combination 

systemic or local delivery of a compound of formula (I-Vl). with one or more pharmaceutically acceptable carriers, 

A valve, stent or shunt useful in the methods of the invention including vehicles and/or excipients. Preferably, the aspiri- 



can comprise a biodegradable coating or porous non- 
biodegradable coating, having dispersed therein one or more 
therapeutic agents of the invention, preferably a sustained 
release dosage form of the therapeutic agent. 
Definitions 

The following definitions apply. 

"Abnormal or pathological or inappropriate" with respect 
to an activity or proliferation means division, growth or 
migration of normal cells, but not cancerous or neoplastic 
cells, occurring more rapidly or to a significantly greater 
extent than typically occurs in a normally functioning cell of 
the same type, or in lesions not found in healthy tissues. 

"Agents which activate the latent form of TGF-beta to the 
active form" include, but are not limited to, moieties such as 
hydrocortisone, dexamethasone, a compound of formula 
(VI) (such as tamoxifen), Vitam in D3 and retinoic acid 
(vitamin A); plasmin stimulators, e.g., Lp(a) lowering agents 
such as tamoxifen, PAI-1 lowering agents (e.g.. 
and other VLDL-lowering agents), and ag < 



form suitable for oral administration, and m 
so preferably the aspirinate is in combination with a liquid 

"At least one", when used with respect to omega-3 fatty 
acids would be recognized in the art as indicating that a 
plurality, about 1 to 30, preferably about 1 to 25, more 

55 preferably about 2 to 20, of omega-3 fatty acids are often 
present in natural sources of these compounds. 

"Autoimmune disease" means a disease which is charac- 
terized by the presence of autoreactive T lymphocytes 
resulting in pathological inflammation and subsequent dam- 

60 age or destruction of the target tissue. Such diseases include, 
but are not limited to, rheumatoid arthritis, multiple sclerosis 
and late-onset diabetes. 

"Betaglycan proteoglycan chain" includes all or a portion 
of any of the proteoglycan that comprise the class of 

65 molecules termed type-Ill TGF-beta receptor, e.g., CD105, 
endoglin or betaglycan. For example, a portion of the 
proteoglycan may include all or a portion of the protein 
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moiety of the proteoglycan, all or a portion of the polysac- 
charide moiety of the proteoglycan, all or a portion of the 
protein moiety and a portion of the polysaccharide moiety, 
all or a portion of the polysaccharide moiety and a portion 
of the protein moiety, or a portion of the protein moiety and 
a portion of the polysaccharide moiety. Preferably, the 
betaglycan proteoglycan chain has a similar or greater 
affinity for TGF-beta relative to the affinity of native beta- 
glycan for TGF-beta. 

"Bioavailable" TGF-beta means TGF-beta which is in a 
form capable of binding to the TGF-beta receptors, i.e., 
eliciting a biological effect. For example, TGF-beta which is 
in a complex with matrix components or plasma proteins, or 
lipoproteins, is generally not "bioavailable" or has reduced 
bioavailability relative to TGF-beta which is not complexed 
with matrix components, plasma proteins, or lipoproteins. 

"Cholesterol lowering agents" include agents which are 
useful for lowering serum cholesterol such as for example 
bile acid sequestering resins (e.g. colestipol hydrochloride or 
cholestyramine), fibric acid derivatives (e.g. clofibrale, 
fenofibrate, or gemfibrozil), thiazolidenediones (e.g. 
troglitazone), or HMG-CoA reductase inhibitors (e.g. fluv- 
astalin sodium, Iovastatin, pravastatin sodium, or 
simvastatin), as well as nicotinic acid, niacin, or probucol. 

"Elevated" TGF-beta levels means that the TGF-beta 
levels in vivo are greater after administration of the thera- 
peutic agent than before administration. Thus, for example, 
active TGF-beta levels may be increased after 
administration, but may be less than normal levels, similar 
to normal levels or greater than normal levels of TGF-beta 
in vivo. 

"Heparin sugar analogs" includes any sulfated polysac- 
charide which is a component of heparin sulfate 
proteoglycan, or a sulfated polysaccharide having a structure 
similar to the polysaccharide chain of heparin sulphate 
proteoglycan. 
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e.g., cod liver oil, walnuts and walnut oil, wheat germ oil, 
rapeseed oil, soybean lecithin, soybeans, tofu, common 
beans, butternuts, seaweed and flax seed oil. The omega-3 
fatty acids include (C^-Cj,,) alkanoic acids comprising 5-7 
s double bonds, wherein the last double bond is located 
between the third and fourth carbon atom from the methyl 
end of the fatty acid chain. These fatty acids have been 
proposed to yield significant cardiovascular protection (Burr 
et al., Lancet, 221, 757 (1989)). Omega-3 fatty acids include 
10 5, 8, 11, 14, 17-eicosapentaenoic acid and docosahexaenoic 
acid. See The Merck Index (11th ed. 1989) at entry 3495, and 
references cited therein. 

"Pathological inflammation" means an increase in the 
recruitment and activation of immune cells, or residence and 
15 activation of immune cells for a longer period of time, in a 
particular tissue or tissues in an individual relative to an 
individual not at risk or, or afflicted with, an autoimmune 
disease. For the purposes of this description, the prototypical 
cells upon which the effects of ER/NFkB modulators are 
20 felt, are cells of the immune system, including but limited to, 
autoreactive T lymphocytes, alloreactive T lymphocytes, B 
lymphocytes, monocytes, tissue macrophages, neutrophils, 
eosinophils and other leukocytes. However, the usefulness 
of ER/NFkB modulators is not limited to their effects on 
25 immune cells in the treatment of autoimmune diseases. 
Effects on vascular endothelial cells and on the cells com- 
posing the target tissue may also contribute to the anti- 
inflammatory effect of the ER/NFkB modulators by reduc- 
ing recruitment of leukocytes as well as activation of 
30 resident immune cells. 

"PAI-1 lowering agent" includes an agent which increases 
insulin sensitivity, decreases production of PAI-1 or 
decreases the activity of PAI-1 as an inhibitor of plasmino- 
gen activators or of plasmin. PAI-1 lowering agent includes 
35 the thiazolidenediones (e.g. troglitazone). 



"NFkB" means any of the family of transcription factor "Plasmin stimulator" includes an agent which increases 

complexes which have as at least one of their components the activity of plasmin, e.g., a PAI-1 inhibitor, tissue plas- 

the subunits known as p65 (RelA), p50, p52, c-rel, p68 minogen activator (IPA) or streptokinase, preferably without 

(RelB) as well as the complexes which have as at least one disrupting normal hemoslasis. A plasmin stimulator may 

of their components the endogenous inhibitors of NFkB 40 increase plasmin levels by catalyzing the conversion of the 

activity, known as IkB-alpha, MAD3, pp40, DcB-beta and latent form of plasmin, i.e., plasminogen, to the active form, 

IkB-gamma as well as their functional equivalents, analogs or stimulate the activity of the plasmin enzyme, e.g., gen- 

and derivatives thereof. erally or with regard to a specific substrate, e.g., TGF-beta. 

"NFkB activity" means activation of genes associated "Procedural vascular trauma" includes the effects of 

with the inflammatory state resulting from direct binding of 45 s 

an NFkB transcription factor complex to DNA elements, vasculature, but does not include vascular In 



including, but not limited to, 
noglobulin kappa light chain gene. NFkB complex is nor- 
mally retained in the cytoplasm by interaction with its 
endogenous inhibitor IkB. NFkB activity must be preceded 
by localization of the NFkB complex to the nucleus. 
However, translocation of the NFkB complex to the nucleus 
does not constitute NFkB activity unless transcription from 
genes associated with the inflammatory state is stimulated. 
"Non-vascular indication" means diseases : 



organic vascular pathologies listed hereinabove, or to unin- 
tended traumas, such as due to an accident. Thus, procedural 
vascular traumas within the scope of the present treatment 
) method include (1) organ grafting or transplantation, such as 
transplantation and grafting of heart, kidney, liver and the 
like, e.g., involving vessel anastomosis; (2) vascular surgery, 



which are associated with TGF-beta deficiency, other than 
those diseases and conditions defined herein as vascular 
indications. Non-vascular indications include, but is not 
limited to cancer, Marfan's syndrome, Parkinson's disease, 
fibrosis, Alzheimer's disease, senile dementia, osteoporosis, 
diseases associated with inflammation, such as rheumatoid 
arthritis, multiple sclerosis and lupus erythematosus, as well 
as other auto-immune disorders. Non-vascular indications 
also include the promotion of wound healing and the low- 
ering of serum cholesterol levels. 

"Omega-3 fatty acid" includes synthetic or naturally 
occurring sources of omega-3 fatty acids, such as fish oil, 



such as coronary bypass surgery, biopsy, heart valve 
replacement, atheroectomy, thrombectomy, and the like; (3) 
conditions 55 transcatheter vascular therapies (TVT) including 



angioplasty, e.g., laser angioplasty and PTCA procedures 
discussed hereinbelow, employing balloon catheters, or ind- 
welling catheters; (4) vascular grafting using natural or 
synthetic materials, such as in saphenous vein coronary 
) bypass grafts, dacron and venous grafts used for peripheral 
arterial reconstruction, etc.; (5) placement of a mechanical 
shunt, such as a PTFE hemodialysis shunt used for arterio- 
venous communications; and (6) placement of an intravas- 
cular stent, which may be metallic, plastic or a biodegrad- 
5 able polymer. See U.S. patent application Ser. No. 08/389, 
712, filed Feb. 15, 1995, which is incorporated by reference 
herein. For a general discussion of implantable devices and 
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biomaterials from which they can be formed.see H. Kambic increased translational efficiency of the mRNA, or increased 

el al.,"Biomaterials in Artificial Organs", Chem. Eng. News, secretion of the latenL TGF-beta complex. Agents which 

30 (Apr. 14, 1986), the disclosure of which is incorporated increase the production of TGF-beta protein include, but are 

by reference herein. not limited to, moieties which affect the nuclear hormone 

"Proliferation," means an increase in cell number, i.e., by 5 receptor pathway (e.g., tamoxifen, idoxifene, toremifene, 

mitosis of the cells. raloxifene, droloxifene and other anti-estrogen analogues of 

"Sustained release" means a dosage form designed to tamoxifen, ethynyl estradiol, diethylstilbestrol, other syn- 

release a therapeutic agent therefrom for a time period tnetic estrogen agonists and compounds disclosed in U.S. 

ranging from at least about 0.0005 to about 21, and more Pat. Nos. 4,442,119, 5,015,666, 5,098,903, 5,324,736), 1,25 

preferably at least about 1-3 to about 120, days. Release 10 dihydroxy-vitamin D3, allopurinol, EB 1089, UCg 03 _ 

over a longer time period is also contemplated as "sustained KH1060, retinoic acid/vitamin A and ligand pharmaceutical 

release" in the context of the dosage form of the present analogs thereof (Mukherjee et al. Nature, 1997, 386: 

invention. It is contemplated that sustained release dosage 407-410), dexamethasone (e.g., glucocorticoid agonist 

forms for systemic administration as well as local adminis- analogues), progesterone (e.g., gestodene and synthetic 

tration can be employed in the practice of the invention, is progestins), and thyroid hormone analogues (e.g. sodium 

Examples of sustained release dosage forms are disclosed in liothyronme and sodium levolhyroxine), (e.g. 12,14 

co-pending application Ser. No. 08/478,936, filed Jun. 7, dideoxy-prostaglandin J2; A12,14-PGJ2). 

1995, the disclosure of which is incorporated by reference Other agents which increase the level of TGF-beta include 

herein. aspirin, aspirinates such as copper aspirinate, and red wine 

"Tamoxifen" includes trans-2-[4-(l,2-diphenyl-l- 20 extract (see Example IV). Red wine extract is a fraction or 

butenyl)phenoxy)— N,N-dimethylethylamine, and the phar- concentrate derived from red wine that is substantially 

maceutically acceptable salts thereof, which are capable of enriched in copper aspirinate, hexamethylene bisacetamide, 

enhancing the level of active TGF-beta, e.g., by increasing 4-hydroxyquinazoline, coumarin and benzocaine. 

the level of latent TGF-beta or by increasing the level of The term "halo" includes fluoro, chloro, bromo, or iodo. 

TGF-beta which is capable of binding to the TGF-beta 25 The terms alkyl, and alkoxy denote both straight and 

receptors. branched groups; but reference to an individual radical such 

"TGF-beta" includes transforming growth factor-beta as as "propyl" embraces only the straight chain radical, a 

well as functional equivalents, derivatives and analogs branched chain isomer such as "isopropyl" being specifi- 

thereof, e.g.,TGF-P!,TGF-P 2 and TGF-P 3 . The TGF-beta cally referred to. Aryl denotes a phenyl radical or an 

isoforms are a family of multifunctional, disulfide-linked 30 ortho-fused bicyclic carbocyclic radical having about nine to 

dimeric polypeptides that affect activity, proliferation and ten ring atoms in which at least one ring is aromatic, 

differentiation of various cells types. A functional equivalent Heteroaryl encompasses a radical attached via a ring carbon 

of TGF-p can include agents that bind to the TGF-p" receptor, of a monocyclic aromatic ring containing five or six ring 

e.g. a receptor agonist or antagonist or a neutral binding atoms consisting of carbon and one to four heteroatoms each 

agent, and/or which induces the same biological response as 35 selected from the group consisting of non-peroxide oxygen, 

TGF-p. sulfur, and N(X) wherein X is absent or is hydrogen, O, 

"Vascular indication" includes, but is not limited to, a (Cj-CJalkyl, phenyl or benzyl, as well as a radical of an 

cardiovascular disease, e.g., atherosclerosis, thrombosis, ortho-fused bicyclic heterocycle of about eight to ten ring 

myocardial infarction, and stroke, or a cardiovascular atoms derived therefrom, particularly a benz-derivative or 

condition, e.g., vessels subjected to trauma associated with 40 one derived by fusing a propylene, trimethylene, or tetram- 

interventional procedures ("procedural vascular trauma"), ethylene diradical thereto. 

such as restenosis following angioplasty, placement of a It will be appreciated by those skilled in the art that 
shunt, stet, stent, synthetic or natural excision grafts, ind- compounds of the invention having a chiral center may exist 
welling catheter, valve or other implantable devices. Also in and be isolated in optically active and racemic forms, 
within the scope of the term "vascular indication" is non- 45 Some compounds may exhibit polymorphism. It is to be 
coronary vessel disease, such as arteriolosclerosis, small understood that the present invention encompasses any 
vessel disease, nephropathy, greater than normal levels of racemic, optically-active, polymorphic, or stereoisomeric 
serum cholesterol, asthma, hypertension, emphysema and form, or mixtures thereof, of a compound of the invention, 
chronic obstructive pulmonary disease. "Vascular indica- which possess the useful properties described herein, it 
tion" does not include cancer, including smooth muscle cell so being well known in the art how to prepare optically active 
carcinomas or neoplasms, or idiopathic symptoms such as forms (for example, by resolution of the racemic form by 
forms of angina that are not attributable to vascular diseases. recryslallization techniques, by synthesis from optically- 
Small vessel disease includes, but is not limited to, active starling materials, by chiral synthesis, or by chro- 
vascular insufficiency in the limbs, peripheral neuropathy matographic separation using a chiral stationary phase), 
and retinopathy, e.g., diabetic retinopathy. "VLDL-lowering 55 Specific values listed for radicals, substituents, and 
agent" includes an agent which decreases the hepatic syn- ranges, are for illustration only and they do not exclude other 
thesis of triglyceride-rich lipoproteins or increases the defined values or other values within defined ranges for the 
catabolism of triglyceride-rich lipoproteins, e.g., fibrates radicals and substituents. 

such as gemfibrozil, or the statins, increases the expression Specifically, (C,-C 3 )alkyl can be methyl, ethyl, propyl, or 

of the apoE-mediated clearance pathway, or improves insu- 60 isopropyl; (C 3 -C 4 )alkyl can be methyl, ethyl, propyl, 

lin sensitivity in diabetics, e.g., the thiazolidene diones. isopropyl, butyl, iso-butyl or sec-butyl; (Cj-C 6 )alkyl can be 

Additionally, as used herein, "agents which increase the methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, sec-butyl, 

level of latent TGF-beta" include moieties capable of stimu- pentyl, isopenlyl, neopentyl, or hexyh (Cj-Cj^alkyl can be 

lating the production of TGF-beta protein (generally the methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, sec-butyl, 

latent form thereof). The mechanism leading to the increase 65 pentyl, isopentyl, neo-pentyl, hexyl, 2-hexyI, 3-hexyl, 

in TGF-beta protein can include, but is not limited to, heptyl, 2-heptyl, 3-heptyl, octyl, 2-octyl, 3-octyl, 4-octyl, 

up-regulation of mRNA production (transcription), nonyl, 2-nonyl, 3-nonyl, 4-nonyl, decyl, 2-decyl, 3-decyl, 
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4- decyl, 5-decyl, undecy], 2-undecyl, 3-undecyl, 4-undecyl, 

5- undecyl, dodecyl, 2-dodecyl, 3-dodecyl, 4-dodecyl, 
5-dodecyl, or 6-dodecyl; (C 3 -C 6 )cycloalkyl can be 
cyclopropyl, cyclobutyl, cyclopentyi, or cyclohexyl; 
(Cs-Cgjcycloalkenyl can be cyclopropenyl, cyclobuienyl, 5 
cyclopentenyl, cyclopentadieDyl cyclohexenyL or cyclo- 
hexadienyl; (C,-C d )alkoxy can be methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, iso-buloxy, sec-buloxy, 
penloxy, neopentoxy, isopentoxy, or hexoxy; (C,-C s ) 
alkanoyl can be acetyl, propanoyl or butanoyl; (C 2 -C 6 ) 
alkanoyloxy can be acetoxy, propanoyloxy or bulanoyloxy; 10 
halcXCj-CjJalkyl can be fluoromethyl, difluoromethyl, 
trifluoromethyl, fluoroethyl, difluoroetbyl, trifluoroelhyl, 
perfluoroethyl, fluoropropyl, difluoropropyl, trifluoropropyl, 
fluorobutyl, difluorobutyl, trifluorobulyl, fluoropentyl, 
difluoropentyl, trifluoropentyl, fiuorohexy), difluorohexyL 15 
trifiuorohexyl, chloroethyl, dichloroethyl, trichloroethyl, 
perchloroethyl, chloropropyl, dichloropropyl, 
trichloropropyl, chlorobutyl, dicblorobutyl, trichlorobutyl, 
chloropentyl, dichloropentyl, Irichloropenlyl, chlorohexyl, 
dichlorohexyl, trichlorohexyl, bromoethyl, dibromoethyl, 20 
tribromoelhyl, perbromoetbyl, bromopropyl, 
dibromopropyl, tribromopropyl, bromobutyl, dibromobulyl, 
Iribromobutyl, bromopentyl, dibromopentyl, 
tribromopenlyl, bromohexyl, dibromohexyl, tribromohexyl, 
iodoelhyl, iodopropyl, iodobutyl, iodopenlyl, iodobexyl, 25 
halohepty], dihaloheptyl, lrihalohep(yl, halooclyl, 
dihalooctyl, Irihalooclyl, halononyl, dihalononyl, 
irihalononyl, halodecyl, dihalodecyl, trihalodecyl, 
haloundecyl, dihaloundecyl, trihaloundecyl, halododccyL 
dihalododecyl, or trihalododecyl. 30 

Likewise, aryl can be phenyl, indenyl, or naphthyl; het- 
eroaryl can be furyl, imidazolyl, tetrazolyl, pyridyl, (or its 
N-oxide), tbieny], pyrimidinyl (or its N-oxide), indolyl, or 
quinolyl (or its N-oxide); and aryl (Cj-C 3 )alkyl can be 
benzyl, indenylmethyl, naphthylmetbyl, pbenethyl, 35 
indenylethyl, naphthylethyl, pbenylpropyl, indenylpropyl, 
or naphthylpropyl; and heteroaryl (Cj-C 3 )alkyl can be 
furylmerhyl, imidazolylmetbyl, telrazolylmethyl, pyridylm- 
ethyl (or its N-oxide), thienylmethyl, pyrimidinylmethyl (or 
its N-oxide), indolylmethyl, quinolylmethyl, furylethyl, 40 
imidazolylethyl, tetrazolylethyl, pyridylelhyl, (or its 
N-oxide), thienyletbyl, pyrimidinylethyl (or its N-oxide), 
indolylethyL quinolylethyl, furylpropyl, imidazolylpropyl, 
tetrazolylpropyl, pyridylpropyl, (or its N-oxide), 
thienylpropyl, pyrimidinylpropyl (or its N-oxide), 45 
indolylpropyl, or quinolylpropyl. 

More specifically, (C,-C 3 )alkyl can be methyl, ethyl, or 
propyl; (C,-C 4 )alkyl can be methyl, ethyl, propyl, or butyl; 
(C,-C 6 )alkyl can be methyl, ethyl, propyl, isopropyL butyl, 
iso-butyl, pentyl, or hexyl; (C,-C, 2 )alkyl can be methyl, so 
ethyl, propyl, isopropyl, butyl, iso-butyl, sec-butyl, pentyl, 
hexyl, heptyl, or oclyl; (C 3 -C,s)cycloalkyl can be 
cyclopentyi, or cyclohexyl; (Cj-C^cycloalkenyl can be 

2- cyclopentenyl, 3-cyclopentenyl, 2-cyclohexenyl, or 

3- cyclohexenyl; (Cj-QJalkoxy can be methoxy, ethoxy, or 55 
propoxy; (Cj-C^alkanoyl can be acetyl; (C 2 -C 6 ) 
alkanoyloxy can be acetoxy; haiofCj-CjJalkyl can be 
fluoromethyl, difluoromethyl, trifluoromethyl, 
trifluoroelhyl, fluoropropyl, trifluoropropyl, fluorobutyl, 
trifluorobulyl, fluoropentyl, trifluoropentyl, fluorohexyl, 60 
trifiuorohexyl, chloroethyl, chloropropyl, chlorobutyl, 
bromoethyl, bromopropyl, bromobutyl, iodoethyl, 
iodopropyl, iodobutyl; aryl can be phenyl, heteroaryl can be 
furyl, imidazolyl, pyridyl (or its N-oxide), or thienyl; aryl 
(C,-C 3 )alkyl can be benzyl or phenethyl; and heteroaryl 65 
(Q-C 3 )alkyl can be furylmethyl, imidazolylmetbyl, 
pyridylmethyl (or its N-oxide), 



Compounds of Formula (1) Within the Scope of the lr 



A specific aspirinate useful in the present 
compound of formula (I): 



R 1 ? R 3 



R 1 is hydrogen, halo, nitro, cyano, hydroxy, CF 3 , 
— NR c R rf , — C(=0)0R„ — OC(O)0R„ — C(=N) 
OR,, (Cj-C^alkyl or (Q-C^alkoxy; 

R 2 is hydrogen or — XR„; 

R 3 is— C(=0)YR i; 

R" is (=0)„; or R is (Q-C^alkyl, (C 3 -C 6 ) alkanoyl or 
(C 2 -C 6 )alkanoyloxy and forms a sulfonium salt with 
the thiophene sulfur, wherein the associated counter ion 
is a pharmaceutical^ acceptable anion; 

R s is hydrogen; 

n is 0,1 or 2; 

X is oxygen or sulfur; 

Y is oxygen or sulfur; 

R„ is (Ci-C 6 )alkanoyl; 

R 6 is hydrogen or (Cj-C^alkyl; 

R c and Rj are each independently hydrogen, (Cj-C 4 ) 
alkyl, phenyl, C(=-0)OH, C(=— OMCj-CJalkyI 
CH 2 C(=0)0H, CH 2 C(=0)0(C^C 4 )alkyl, or 
(C,-C 4 )alkoxy; or R c and R d together with the nitrogen 
to which they are attached are a 3, 4, 5, or 6 membered 
heterocyclic ring; and 
R. is hydrogen or (Cj-CJaUcyl; 
or a pharmaceutically acceptable salt thereof; 
provided that R 2 and R 3 are on adjacent positions of the 
ring to which they are attached, or are on the 2- and 
5-positions of the ring; and further provided that when 
R 2 is hydrogen; R 3 is on the 2- or 5-position of the ring 
to which it is attached and R" is (Cj-C 4 )aIkanoyloxy. 
A specific aspirinate of formula I useful in the present 
' ' > compound of formula (11): 



bC 



r 



wherein X is O or S; Y is O or S; R 1 is hydrogen, halo, nitro, 
cyano, hydroxy, CF 3 , — NR c R rf , — C(=0)OR„ — OC(=0) 
OR,, — C(=N)OR„ (Cj-C^alkyl or (C.-C^alkoxy; and 
R c and R„ are each independently hydrogen, (Cj-C 4 )alkyl, 
phenyl, — C(=0)0H, — C(=0)0(C 1 -C 4 )alkyl, -CH 2 C 
(=0)0H, -<:H 2 C(=0)0(C 1 -<: 4 )alkyl, or (Q-C^alkoxy; 
or R c and R d together with the nitrogen to which they are 
attached are a 3, 4, 5, or 6 membered heterocyclic ring; or 
a pharmaceutically acceptable salt thereof 



0105 



A specific aspiriaate of formula I useful ir 
a compound of formula (III): 




a- 



wherein X is O or S; Y is O or S; R 1 is hydrogen, halo, nitro, 
cyano, hydroxy, CF 3 , — NR^ — C(=0)OR„ — OC(=0) 
0R„, — C(=N)OR„ (C.-CJalkyl or (Cj-C^alkoxy; R c 
and R d are each independently hydrogen, (C,-C 4 )alkyl, 
phenyl, — C(=0)OH, — C(=0)0(C 1 -C 4 )alkyl, — CH,C 
(=0)OH, — CHjCC^ptCj-C^alkyl, or (C,-C 4 )aikoxy; 
or R c and R rf together with the nitrogen to which they are 
attached are a 3, 4, 5, or 6 membered heterocyclic ring; or 
a pharmaceutically acceptable salt thereof. 

Another specific aspirinate of formula I useful in the 
a compound of formula (IV): 



(IV) 



wherein X is O or S; Y is O or S; R 1 is hydrogen, halo, nitro, 
cyano, hydroxy, CF 3 , — NR^, — C(=0)OR„ — OC(=0) 
OR„ — C(=N)OR < „ (Q-CJalkyl or (Q-C^alkoxy; R c 
and R,, are each independently hydrogen, (C,-C 4 )alkyl, 
phenyl, — C(=0)OH, — C(=0)0(C,-C 4 )alkyl, --CH 2 C 
(=0)OH, — CH 2 C(=0)0(C,-C 4 )alkyl, or (Cj-C 4 )aIkoxy,- 
or R c and R d together with the nitrogen to which they are 
attached are a 3, 4, 5, or 6 membered heterocyclic ring; or 
a pharmaceutically acceptable salt thereof. 

Another specific aspirinate of formula I useful in the 
present invention is a compound of formula (V): 



wherein 

R 1 is hydrogen, halo, nitro, cyano, hydroxy, CF 3 , 
5 - NR A* — C(=0)°R„ (C.-C^alkyl or (C.-C,) 

R 2 is hydrogen or — XR a ; 
R 3 is— C(=0)YR fc ; 
q R" is (=OX,; or R" is (Q-C^lkyl, (Q-CJalkanoyl or 
(Cz-C^alkanoyloxy and forms a sulfonium salt with 
the tbiophene sulfur, wherein the associated counter ion 
is a pharmaceutically acceptable anion; 



n is 0,1 or 2; 

X is oxygen or sulfur; 

Y is oxygen or sulfur, 

R„ is (C.-C^alkanoyl; 

R 6 is hydrogen or (C-C^alkyl; 

R c and R d are each independently hydrogen, (Cj-C 4 ) 
alkyl, phenyl, COOH, C0 2 (C,-C 4 )alkyl or 0[(C,-C 4 ) 
alkyl]; or R c and R d together with the nitrogen to which 
they are attached are pyrrolidino, piperidino, piperazin- 
14y or morpholino; and 

R, is hydrogen or (Ci-C 6 )alkyl; 



(V) 



X 1 CK 



wherein X is O or S; Y is 0 or S; R 1 
cyano, hydroxy, or N(R)>, wherein each R is hydrogen, 
(Cj-CJalkyl, phenyl, COOH, CO^-CJalkyl, or 
0[(Cj-C 4 )alkyl], R e and R d are each independently 
hydrogen, (C,-C 4 )alkyl, phenyl, — C(=0)OH, — C(=0) 
0(C 1 -C 4 )alkyl, — CH 2 C(=0)OH, — CH 2 C(=0)0 
(Cj-C^alkyl, or (C,-C 4 )alkoxy; or R c and R d together with 
the nitrogen to which they are attached are a 3, 4, 5, or 6 
membered heterocyclic ring; or a pharmaceutically accept- 
able salt thereof. 



provided that R 2 and R 3 are on adjacent positions of the 
ring to which they are attached, or are on the 2- and 
40 5-positions of the ring; and further provided that when 
R 2 is hydrogen; R 3 is on the 2- or 5-position of the ring 
to which it is attached and R" is (Cj-C^aUcanoyloxy. 
A specific aspirinate useful in the present invention is a 
compound of formula (I) which is not 3-acetoxy-2- 
45 carboxythiophene. 

Another specific aspirinate useful in the present invention 
is a compound of formula (I) wherein R 1 is halo, nitro, 
cyano, CF 3 or — C(=0)OR e ; or a pharmaceutically accept- 
able salt thereof, 
so Yet another specific aspirinate useful in the present inven- 
tion is a compound of formula (I) wherein R 1 is hydrogen. 

A further specific aspirinate useful in the present inven- 
tion is a compound of formula (I) wherein R 2 is — XR„. 
A specific aspirinate useful in the present invention is a 
55 compound of formula (I) wherein R" is.(Cj-C 6 )alkyl, 
(Cj-C 6 )alkanoyl or (Q-C^lkanoyloxy and forms a sulfo- 
nium salt with the thiopbene sulfur, wherein the associated 
counter ion is a pharmaceutically acceptable anion. 
A specific aspirinate useful in the present invention is a 
60 compound of formula (I) wherein R s is hydrogen. 

Another specific aspirinate useful in the present invention 
is a compound of formula (I) wherein R 2 is in the 3-position, 
R 3 is in the 4-position and R 1 is halo, nitro, cyano, hydroxy, 
CF 3 , —mj. d , — C(=0)OR„ (Q-Qalkyl, or (C,-C 6 ) 
65 alkoxy; or a pharmaceutically acceptable salt thereof. 

Yet another specific aspirinate useful in the present inven- 
tion is a compound of formula (I) wherein R 2 is in the 
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2-position and R 3 is in the 3-position; and R 1 is halo, nitro, 
cyano, hydroxy, CF 3 , — NR'R* — C(=0)OR e , (A-qj 
alkyl, or (C,-C s )alkoxy; or a pharmaceuiically acceptable 
salt thereof. 

A specific aspirinate of formula I useful in the present 5 
a compound of formula (II): 



^ X-j-CH 3 



(II) 



wherein X is 0 or S; Y is O or S; R 1 is hydrogen, nitro, halo, 
cyano, hydroxy, or NfR^, wherein each R is hydrogen, 
(C J -C 4 )alkyl, phenyl, COOH, C0 2 (C,-C 4 )alkyl, 0 r 
0[(Cj-C 4 )alkyl]; or a pharmaceuiically acceptable salt 
thereof. 

A specific aspirinate of formula I useful in the present 
invention is a compound of formula II wherein, if X=Y=0, 
then R' is not H. 

A specific aspirinate of formula I useful in the present 
invention is a compound of formula (HI): 



f3 
c=o 

I 



wherein X is O or S; Y is O or S; R 1 is hydrogen, nitro, halo, 
cyano, hydroxy, or N(R) 2 , wherein each R is hydrogen, 
(Cj-C^alkyl, phenyl, COOH, CO^-C^alkyl, or 
0[(C,-C 4 )alkyl]; or a pharmaceutical^ acceptable salt 
thereof. 

Another specific aspirinate of formula I useful in the 



wherein X is O or S; Y is 0 or S; R 1 is hydrogen, nitro, halo, 
io cyano, hydroxy, or f^R^, wherein each R is hydrogen, 
(Cj-C^alkyl, phenyl, COOH, CO^Cj-C^alkyl, or 
0[(Ci-C 4 )alkyl], or a pharmaceuiically acceptable salt 

Another specific aspirinate useful in the present invention 
15 is a compound of formula II, III, IV or V wherein R 3 is 
hydrogen; or a pharmaceuiically acceptable salt thereof. 

Another specific aspirinate useful in the present invention 
is a compound of formula II, III, IV or V wherein R 1 is nitro, 
halo, cyano, hydroxy, or N(R) 2 , wherein each R is hydrogen, 
20 (C 2 -C 4 )alkyl, phenyl, COOH, CO^Q-CJalkyl, or 
0[(C 1 -C 4 )a!kyl]; or a pharmaceuiically acceptable salt 

Another specific aspirinate useful in the present invention 
is a compound of formula II, in, IV or V wherein X is S. 

25 Another specific aspirinate useful in the present invention 
is a compound of formula II, III, IV or V wherein Y is S. 

The compounds of formulas (I), like aspirin, can transfer 
acetyl functionality. Moreover, the tbiophene ring skeleton 
of compounds of formulas (I), which is similar in size to the 

3D benzene ring system in aspirin, results in a similar 
biodistribution, pharmacokinetics and pharmacodynamics 
for these compounds relative to aspirin. Furthermore, the 
thiophene ring sulfur (n=0) in a compound of formula I can 
be readily catabolized to sulfone (n=2) and sulfoxide (n=l), 

35 which increases the water solubility of the compounds, so 
they can be rapidly excreted. This rapid catabolism reduces 
the gastric irritation, gastric ulcers and occasional bleeding 
observed with high doses of aspirin, as well as kidney 
retention leading to crystal urea and kidney stones, all of 

40 which are due to the insolubility of salicylates and divalent 
and trivalent complexes of salicylates with metals. Besides 
being useful as TGF-bela elevating agents, the compounds 
of formula (I) are useful as anti-inflammatory agents, e.g., as 
anti-platelet aggregation agents, thrombin inhibitory agents, 

45 and vascular smooth muscle cell anti-proliferalive agents. 



wherein X is O or S; Y is 0 or S; R 1 is hydrogen, nitro, halo, 
cyano, hydroxy, or N(R) 2 , wherein each R is hydrogen, 
(Cj-C^alkyl, phenyl, COOH, C0 2 (C„-C 4 )alkyl, or 
0[(Cj-C 4 )alkyI], or a pharmaceuiically acceptable salt 



Another specific aspirinate of formula I useful ii 
present invention is a compound of formula (V): 



tem can enhance or diminish the bioavailability of the 
substituted compounds. Thus, some of the substituted com- 

50 pounds exhibit higher protein binding affinities, and thus 
have higher binding affinities to serum proteins. The higher 
binding affinities lead to a longer serum balf-life, which 
provides a longer duration of action for the compounds. 
Other substituted compounds exhibit lower protein binding 

55 affinities, and thus have lower binding affinities to serum 
proteins. The lower binding affinities lead to a shorter serum 
half-life, which provides a shorter duration of action for the 
compounds. Moreover, the compounds of formula (I) can 
chelate metal ions, which can result in enhanced transport 

60 across membranes. 

The aspirinates of the invention preferably include copper 
sails, as well as alkali metal or alkaline earth metal aspirinate 
salts, such as lithium, sodium, potassium, magnesium, zinc, 
or calcium aspirinate salts, although other salts are envi- 

65 sioned. 

The copper aspirinate salts of the invention can be formed 
for example by reacting a copper salt such as cupric chloride 
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with the sodium salts of 3,5-diisopropyl salicylic acid, 
acefylsalicylic acid, salicylic acid, 3,5-ditertiary butyl sali- 
cylic acid, adamantylsalicylic acid, 3,5- 
dibromoacetylsalicylic acid, 3,5-diiodoacetylsalicylic acid, 
4-tertiary butylsalicylic acid, 4-nitrosalicylic acid, 5 R 

4- aminosaIicylic acid, 4-acetylaminosaIicylic acid, 

5- chIorosalicylic acid and 3,5-dicblorosalicylic acid. 
The copper salt of a thiophene-ring based analog or 

derivative of an aspirinate of the invention can be prepared 
by reacting a copper salt, e.g., cupric chloride, with the R 
sodium salt of the tbiophene-based analog or derivative. 

Inorganic copper salts useful in synthesizing copper 
aspirinate salts of the invention include hydrated copper 
chloride, and the dehydrate thereof, bydrated copper fluoride 
and the dehydrate thereof, copper fluorosilicate and the 
hexahydrate thereof, copper sulfate and the pentahydrale 
thereof, copper nitrate and the tri- and hexa-hydrates thereof, 
copper bromide, copper metaborate, copper bromate, copper 
chlorate, copper iodate and copper fluorophosphate. In the 
above salts, the copper is typically in the Copper (II) 



24 



to produce copper aspirinate coordination 
solvates rather than anhydrous compounds. The copper 
aspirinate compounds may be solvated with a lower alkanol, 
e.g., a C 2 -C 6 aliphatic alkanol such as etbanol or 
isopropanol, a ketone such as acetone or methylethylketone, 2 s 
alkanolamines, pyridine, water, dimethyl formamide, or 
dimethyl sulfoxide. 

Compounds of Formula (VI) Falling Within the Scope of the 
Invention, 

A specific compound of formula VI is 
wherein — is a single bond. 

Another specific compound of formula VI i: 
wherein R 9 and R together are — CH 2 CH 2 — , - 
— N(H>— , — NKQ-qOalkyl]— , or — CH=l 

Another specific compound of formula VI is a compound 
wherein — is — C(B)(b) — , wherein B and D are each 
balogen; and R 8 and R 9 are both hydrogen. 

Another specific compound of formula VI is a compound 
wherein R* is not phenyl or phenyl substituted by 1 or 2 V. 
Another specific compound of formula VI is a compound 
wherein R 7 is not phenyl or phenyl substituted by 1 or 2 V. 
Another specific compound of formula VI is a compound 
wherein R 8 is not phenyl, or phenyl substituted by 1 or 2 V. 

A specific value for Z is -(CH,), 3 — , —O—, 
— 0CH 2 — — CH z O— , — C(=0)0— , — N(R,}-, or a 
covalent bond. Another specific value for Z is — O— , 
— 0CH 2 — , — CH 2 0— , — C(=0)0— , or — N(R,)— . 

A specific compound of formula VI is a compound of 
formula VII: 

(VH) 



— (ch^cooh, -ocay^OH, — s^h^oh, 

— 0(CH 2 ),. 4 (C=0)R r , — S(CH 2 ), 4 (C=0)R r , 
— OiCH 2 ) 2 .,R„ — S(CH 2 ) 2 „ 4 R r , — (CHjX^R,, or 
-(CH^Q^R^ 
R 11 is 3-(RJ-4-(RJpbenyl, halo^-C^alkyl, (Cj-C^ 
alkyl, (C 3 -C 6 )cycloalkyl, (Cj-C^alkylcyclofCj-Q) 
alkyl, (C 3 -C 6 )cycIoalkenyl, or (Cj-C^alkyKGf-C.s) 
cycloalkenyl; 

R 12 is nitro, halo, ethyl, 2-cy anoethyl, 
2-trifluoromethylethyl, — CH 2 CH 2 C(=0)0(Cj-C 4 ) 
alkyl, chloroethyl, cyclohexane, or naphthlene; 
R 13 is H or together with R" is O— CH=CH— 

— CH 2 — CH 2 — or — S— , 
R 14 is hydrogen, iodo, 0(Cj-C A )alkyl, hydroxy, 
-C^OXKCj-C^alkyl, -0C(=0)(C 1 -C 6 )alkyl, 
benzyl, or OSO^CH^CH.,; 
R 15 is hydrogen, (C,-C 6 )alkyl, mercapto, (C 3 -C 4 ) 
alkylthio, hydroxy, (Cj-C 6 )alkoxy, iodo, OP0 3 H 2 , 
-OSO^CH^CH,, — C(=0)0(C 1 -C 6 )alkyl, — OC 
(=0)(C 3 -C 6 )aUcyl, or benzyl; 



(C,-C 6 )alkyl; or R r is an N-heterocyclic ring which 

optionally comprises another hetero atom selected from 

N, O, or S in said ring; 
R s is hydrogen, halo, or hydroxy; and 
R, is hydrogen, (Cj-C 6 )alkyl, mercapto, (C,-C 4 ) 

alkylthio, hydroxy, (C,-C 6 )alkoxy, 

-OS0 2 -(CH 2 ) 0 . 4 -CH 3 , halo, -OC(=0)(CVC 6 ) 

alkyl, or benzyl; 
(he compound is MER25, zindoxifene, DDAC (Analog II) 

orDTAC(102b); 
a pharmaceutically acceptable salt thereof, or mixtures 

thereof. 

A preferred compound of formula VII useful in the 
present invention is a compound wherein R 14 is at the 
5-position of the phenyl ring to which it is attached. 

Another specific compound of formula (VI) useful in the 
present invention is a compound of formula (VIII): 

(VHI) 





Z is C=0 or a covalent bond; 

R 10 is mercapto, (Cj-C^alkylthio, hydroxy, (Cj-Q) 
alkoxy, — 0(CH 2 ) 3 . 4 COOH, — S(CH 2 ),. 4 COOH, 



AisOorS; 

Z is C=0 or a covalent bond; 

R 16 and R 17 are individually (Cj-CJalkyl or together 
with N are a saturated heterocyclic ring, preferably a 
o 5-7 membered heterocyclic ring optionally containing 
1-2 additional N(R„), S or nonperoxide O, wherein R„ 
is hydrogen, (Cj-C^alkyl, phenyl or benzyl; 
R 18 is hydrogen, (Cj-C^alkyl, mercapto, (C 3 -C 4 ) 
alkylthio, hydroxy, (Cj-C^alkoxy, 
5 R 19 is nitro, halo, ethyl, 2-cyanoethyl, 
2-trifluoromethylethyl, — CH 2 CH 2 C(=0)0(C 1 -C 4 )alkyl, 
or chloroethyl; 



0108 



6,117,911 



R 21 is hydrogen, iodo, hydroxy, or O^j-C^lkyl; 
R 22 is hydrogen, (Cj-C 6 )alkyl, mercapto, (C 3 -C 4 ) 

alkylthio, hydroxy, (Cj-C^alkoxy, halo, or OP0 3 H 2 ; 
lhe compound is MER25, zindoxifene, DDAC (Analog II) 

or DTAC (102b); 
a pharmaceutically acceptable salt thereof, or mixtures 

thereof. 

Another specific compound of formula (VI) useful in the 
present invention is a compound of formula (VIII): 




AisO; 

Z is C—O or a covalent bond; 

R 36 and R 37 are individually (C,-C 4 )alkyl or together 
with N are a saturated heterocyclic ring, preferably a 
5-7 membered heterocyclic ring optionally containing 
1-2 additional N(R,), S or nonperoxide O, wherein R„ 
is hydrogen, (C,-C 4 )alkyl, phenyl or benzyl; 

R 18 is hydrogen, hydroxy, (Cj-C 4 )alkyl, or (C,-C 4 ) 

R 39 is nitro, halo, ethyl or chloroethyl; 

R 20 is H or together with R 39 is — CH 2 — CH 2 — or 

R 23 is hydrogen, iodo, hydroxy, or (C 3 -C„)alkoxy; 
R 22 is iodo, OP0 3 H 2 , (Cj-C 4 )alkoxy or hydrogeD; 
the compound is MER25, zindoxifene, DDAC (Analog II) 
or DTAC (102b); 



A preferred compound of formula VIII useful in the 
present invention is a compound wherein Z is a covalent 
bond; R 36 and R" 7 are each (C,-C 4 )alkyl or — (CH 2 ) m — ; 
R 1S is hydrogen; R 23 is hydrogen or iodo; and m is 4-6. 

A preferred compound of formula VIII useful in the 
present invention is a compound wherein R 19 is ethyl or 
chloroethyl. 



R is H or together with R 19 is — CH 2 — CR,— or 

R 23 is hydrogen, iodo, hydroxy, or 0(Ci-C 4 )alkyl; 
R 22 is iodo, 0P0 3 H 2 , (XCj-Oalkyl or hydrogen; 
5 a pharmaceutically acceptable salt thereof, or mixtures 
thereof. 

Additionally for any compound of formula VIII or pre- 
ferred compound of formula VIII described above, a specific 
value for R 3S is hydrogen; for Z is a covalent bond; for R 3S 
10 and R 17 is independently (Cj-C^alkyl, or for R 36 and R 37 
taken together is — (CH 2 )„— ; for R 23 is hydrogen or iodo; 
and for m is 4-6. 

Additionally for any compound of formula VIII or pre- 
ferred compound of formula VIII described above, a specific 
15 value for R 22 is OCH 3 ; and for R 39 and R 20 together is 
— CH 2 — CH 2 — . 

Compounds of formula VI useful in the present invention 
include tamoxifen and structural analogs of tamoxifen hav- 
ing substantial equivalent bioactivity. Such analogs include 
20 idoxifene, raloxifene, droloxifene, 3-iodotamoxifen, 
4-iodotamoxifen, tomremifene, trioxifene, nafoxidene, 
4-hydroxyiamoxifen, H-1285, and pharmaceutically accept- 
able salts thereof. A preferred embodiment of the invention 
is a compound of formula (VIII) wherein R 39 is not ethyl 
25 when R 2 °, R 23 , and R 22 are H. 

The term "structural analogs thereof with respect to 
tamoxifen includes, but is not limited to, all of the com- 
pounds of formula (VI) which are capable of enhancing, 
increasing or elevating the level of TGF-beta. See, for 
30 example, U.S. Pat. Nos. 4,536,516, 5,457,113, 5,047,431, 
5,441,986, 5,426,123, 5,384,332, 5,453,442, 5,492,922, 
5,462,937, 5,492,926, 5,254,594 and U.K. Patent 1,064,629. 

(TMX) causes liver carcinogenicity in 



compound of formula VIII wherein R 39 and R 20 together are 
— CH 2 — CH 2 — ; and R 22 is OCH 3 . 

A preferred compound of formula VIII useful in the 



Z is C=0 or a covalent bond; 

R 36 and R 37 are individually (C 3 -C 4 )alkyl or together 
with N are a saturated heterocyclic ring, preferably a 
5-7 membered heterocyclic ring optionally comprising 
1-2 additional N(R), S or nonperoxide O, wherein R is 
hydrogen, (Cj-C^alkyl, phenyl or benzyl; 

R 38 is hydrogen, hydroxy or O^-C^alkyl; 

R 39 is ethyl or chloroethyl; 



35 endometrial cancer in women and may increase the risk of 
certain gut cancers, other tamoxifen analogs may be con- 
sidered safer to administer if they are less carcinogenic. The 
carcinogenicity of TMX has been attributed to the formation 
of covalent DNA adducts. Of the TMX analogs and 

40 derivatives, only TMX and toremifene have been studied for 
long-term carcinogenicity in rats. These studies provide 
strong evidence that covalent DNA adducts are involved in 
rodent hepatocarcinogenicity of TMX. Toremifene, which 
exhibits only a very low level of hepatic DNA adducts, was 

45 found to be non-carcinogenic. See Potter et al., 
Carcinogenesis, 15, 439 (1994). 

It is postulated that 4-hydroxylation of TMX yields elec- 
trophilic alkylating agents which alkylate DNA through the 
ethyl group of TMX. This mechanistic hypothesis explains 

50 the low level of DNA adduct formation by the non-TMX 
analogs of formula (VI), including the TMX analog 
toremifene, and the absence of DNAadducts detected for the 
analogs 4-iodolamoxifen and idoxifene. Thus, all of these 
analogs are likely to be free from the risk of significant 

55 carcinogenesis in long term use. See Potter et al., supra. 
Idoxifene (IDX) includes (E)-l-[4-[2-(N-pyrrolidino) 
etboxy]pbenyl]-l-(4-iodophenyl)-2-phenyl-l-butene and its 
pharmaceutically acceptable salts and derivatives. See R. 
McCague et al., Organic Preparations and Procedures Int., 

60 26, 343 (1994) and S. K. Chandler et al., Cancer Res., 51, 
5851 (1991). Besides its lower potential for inducing car- 
cinogenesis via formation of DNA adducts which can dam- 
age DNA, other advantages of IDX compared with TMX are 
that IDX has reduced residual estrogenic activity in rats and 

65 an improved metabolic profile. 

Other "antisteroids" or "steroidal antagonists" are useful 
as TGF-beta activators or production stimulators or lead 
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compounds, including other known stilbene-type antis- 
teroids such as for example, cis- and trans-clomipbene, 
toremifene, centchroman, raloxifene, droloxifene, (l-[4-(2- 
dimethylaminoethoxy)phenyl]-l-(3-hydroxyphenyl)-2- 
phenyl-2-bulene (see U.S. Pat. No. 5,384,332), 1-nitro-l- 5 
pbenyl-2-(4-hydroxyphenyl or anisyl)-2-[4-(2-pyrrol-N- 
ylethoxy)-phenyl]ethylene(CN-55,945),trans-l,2-dimetliyl- 
l,2-(4-hydroxyphenyl)ethylene(trans-dimethylstilboestrol), 
trans-diethylstilboestrol, and l-nitro-l-phenyl-2-(4- 10 
hydroxyphenyl)-2-[4-(3-dimethylaminopropyloxy)phenyl- 
ethylene (GI680), metabolites or pharmaceutical^ accept- 
able salts thereof. 

Known 1,2-diphenyletbane-type antisteroids include cis- 
l,2-anisyl-l-[4-(2-diethylaminoelhoxy)phenyl]ethane 15 
(MRL-37), l-(4-chlorophenyl)l-[4-(2-diethylaminoethoxy) 
phenyl]-2-phenylethanol (WSM-4613); l-phenyl-l[4-{2- 
diethylaminoethoxy)phenyl]-2-anisylethanol (MER-25); 
l-phenyl-l-[4-(2-diethylaminoethoxy)phenyl)-2-anisyl- 
ethane, mesobutoestrol (trans-l,2-dimethyl-l,2-(4- 20 
hydroxyphenyl)-ethane), meso-hexestrot, (+)hexestrol and 
(-)-hexestrol. 

Known naphthalene-type antisteroids include nafoxidine, 
l-[4-(2 r 3-dihydroxypropoxy)phenyl]-2-phenyI-6-hydroxy- 
1,2,3,4-tetrahydro-naphthalene, 1^4-hydroxypbenyl)-2- 
phenyl-6-hydroxy-l,23,4-tetrahydronaphthalene, l-[4-(2 - 
pyrrol-N-ylelhoxy)-phenyl]-2-phenyl-6-methoxy-3,4- 
dihydronaphthalene (Ull, 100A), and l-[4-(2,3- 
dihydroxypropoxy)phenyl]-2-phenyl-6-methoxy-3,4- 30 
dihydronaphthalene (U-23, 469). 

Known antisteroids which do not fall anywhere within 
these structural classifications include coumestrol, 
biochanin-A, genistein, methallenstril, phenocyctin, and 
l-[4-(2-dimetbylaminoethoxy)phenyl]-2-phenyl-5- 35 
methoxyindene (U, 11555). In the nomenclature employed 
hereinabove, the term "anisyl" is intended to refer to a 
4-methoxyphenyl group. 
Preparation of a Compound of Formula (I-V) 

Generally, a compound of formula I wherein R* is (=0)„ 40 
and n is 0 may be prepared by processes which are well 
known in the chemical arts for the synthesis of thiophene 
compounds and other aromatic compounds. 

A compound of formula I wherein R" is (=0)„ and n isl *s 
or 2 can be prepared from a corresponding compound of 
formula H wherein n is 0, by oxidation of the thiophene 
sulfur using standard oxidation conditions. 

Compounds of formula I wherein R" is (Cj-C^alkyl, 
(Cf-Qsjalkanoyl or (Q-Q^lkanoyloxy and forms a sulfo- 50 
nium salt with the thiophene sulfur, wherein the associated 
counter ion is a pharmaceutically acceptable anion, can be 
prepared from corresponding compounds of formula I 
wherein R 4 is (=0)„ and n is 0 by alkylation or acylation of 55 
the thiophene sulfur, using procedures which are well known 
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The synthesis of a compound of formula (V) may be 
carried out as follows: 



O I | 1) NaNO^Cl 

5 !LX\ /\ orHBF, 

11 S N0 ^ 2) "OH 

Preparation of Compounds of Formula (VI) 

Generally, compounds of formula (VI) may be prepared 
20 using synthetic techniques which are analogous to tech- 
niques known in the art, including techniques described in 
R. A. Magadan, Current Medicinal Chemistry, 1994, 1, 
61-104 and techniques described in the references relating 
to tamoxifen analogs which are cited and incorporated 

2S It may be convenient to optionally use a conventional 
protecting group during the preparation of compounds of 
formula (1) or compounds of formula (VI). The protecting 
group may be removed at an appropriate time during the 
synthesis, such as for example, when the final compound is 

30 to be formed. Such processes and intermediates for the 
manufacture of a compound of formula I are provided as 
further features of the invention. 

Pharmaceutical^ Acceptable Acid and Base Addition Salts 
The compounds used in the methodsof the invention form 

35 pharmaceulically acceptable acid and base addition salts 
with a wide variety of organic and inorganic acids and bases 
and include the physiologically acceptable salts which are 
often used in pharmaceutical chemistry. Such salts are also 
part of this invention. Typical inorganic acids used to form 

^ such salts include hydrochloric, hydrobromic, hydroiodic, 
nitric, sulfuric, phosphoric, hypophosphoric and the like. 
Salts derived from organic acids, such as aliphatic mono and 
dicarboxylic acids, phenyl substituted alkanoic acids, 
hydroxyalkanoic and hydroxyalandioic acids, aromatic 
acids, aliphatic and aromatic sulfonic acids, may also be 

45 used. Such pharmaceulically acceptable salts thus include 
acetate, phenylacetale, triffuoroacetate, acrylate, ascorbate, 
benzoate, chlorobenzoate, dinitrobenzoate, 
hydroxybenzoale, methoxybenzoate, melhylbenzoale, 
o-acetoxybenzoate, naphtbalene-2-benzoate, bromide, 

50 isobutyrate, phenylbutyrate, fi-hydroxybutyrate, butync-1,4- 
dioate, hexyne-l,4-dioate, caprate, caprylate, chloride, 
cinnamate, citrate, formate, fumarate, glycollate, 
beptanoate, hippurate, lactate, malate, maleate, 
hydroxymaleate, malonate, mandelate, mesylate, nicotinate, 

55 isonicotinale, nitrate, oxalate, phtbalale, terphlhalate, 
phosphate, monohydrogenpbosphate, dihydrogenphosphate, 
metaphosphate, pyrophosphate, propiolate, propionate, 
phenylpropionate, salicylate, sebacate, succinate, suberate, 
sulfate, bisulfate, pyrosulfate, sulfite, bisulfite, sulfonate, 

60 benzene-sulfonate, p-bromophenylsulfonate, 
chlorobenzenesulfonate, ethanesulfonate , 
2-hydroxyethanesulfonate, methanesulfonate, naphthalene- 
1, sulfonate, naphthalene-2-sulfonate, p-toluenesulfonate, 
xylenesulfonate, tartarate, and the like. A preferred salt is the 

65 hydrochloride salt 

The pharmaceulically acceptable acid addition salts are 
typically formed by reacting a compound of formula (I) or 
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(VI) with an equimolar or excess amount of acid. The 
reactaats are generally combined in a mutual solvent such as 
diethyl ether or benzene. The salt normally precipitates 01 
of solution within about one hour to 10 days and can be 
isolated by filtration or the solvent can be stripped off by 5 
conventional means. 

Bases commonly used for formation of acid salts include 
ammonium hydroxide and alkali and alkaline earth metal 
hydroxide, carbonates, as well as aliphatic and primary, 
secondary and tertiary amines, aliphatic diamines. Bases 11 
especially useful in the preparation of addition salts include 
ammonium hydroxide, potassium carbonate, methylamine, 
dietbylamine, ethylene diamine, cyclohexylamine and etha- 
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e both potency and the therapeutic window between 
effective concentrations and toxic concentrations for human 
cells. Candidate agents which pass the in vitro cell culture 
screens are then tested on one or more animal models of 
; vascular conditions or disease, e.g., animal models of ath- 
erosclerosis include lipid lesion formation in C57B16 mice 
and mice expressing the human apo(a) transgene that are fed 
a high fat diet, apoE knockout mice fed a normal diet, or 
cholesterol-fed Watanabe rabbits, 
o To determine total TGF-beta, EIJSA plates are coated 
with a chicken antibody that binds both latent and active 
TGF-beta. Patient sera or plasma are incubated with these 
ELISA plates, then the plates are washed to remove unbound 
components of the patients' sera or plasma. Rabbit anti- 
The pharmaceutically acceptable salts generally have 15 TGF-beta antibody, capable of binding both latent and active 
enhanced solubility characteristics compared to the com- TGF-beta, is then added to the plates and incubated. The 
pound from which they are derived, and thus are often more plates are then washed to remove unbound antibody, and 
amenable to formulation as liquids or emulsions, and can peroxidase-labeled anti-rabbit IgG is added. After incuba- 
have enhanced bioavailability. tion and washing, the plates are exposed to the chromogenic 

Identification of Therapeutic Agents Falling within the 20 substrate, orlho-phenylenediamine. The presence of total 
Scope of the Invention TGF-beta in patients' sera or plasma is then determined 

Therapeutic agents useful in the practice of the invention, calorimetrically at A 492 by comparison to a standard curve, 
i.e., agents that elevate or increase TGF-beta levels, can be In patients treated with an agent that modifies TGF-beta, a 
identified by an in vitro assay described in copending U.S. pretrealment determination of TGF-beta can be compared 
application Ser. No. 08/476,735, the disclosure of which is 25 with post-treatment time points to monitor treatment results 
incorporated by reference herein, and/or the assays and effectiveness. 

described in the Examples hereinbelow. It is recognized that In an alternate format, TGF-beta type II receptor exlra- 
not all therapeutic agents, e.g., aspirinates, can increase cellular domain, which recognizes the active form(s) of 
TGF-beta levels. Moreover, it is recognized that some TGF-beta, but not the mature or latent forms, is coated onto 
therapeutic agents within the scope of the invention increase 30 ELISA plates. Patient sera or plasma are added to the plates, 
TGF-beta levels to a greater extent than other TGF-beta and processed as above. This assay measures active TGF- 
elevating agents, however, methods to determine whether an beta present in sera or plasma. 

agent falls within the scope of the invention are described In another alternate format, fluorescent-labeled anti-TGF- 
hereinbelow. beta antibody is used in place of peroxidase labeled second 

The amounts of latent and/or active TGF-beta present in 35 antibody to detect the presence of TGF-beta in patients' sera 
a sample of physiological fluid, such as a blood fraction, or plasma. In yet another alternate format, anti-TGF-beta 
before and/or after the administration of the therapeutic antibody is labeled with a radioactive moiety capable of 
agent, can be measured by methods disclosed in copending detection by standard means. These laUer two assays may be 
U.S. application Ser. No. 08/477,393 and U.S. Pat. No. performed in an ELISA format, with or without using the 
5,545,569, issued Aug. 13, 1996, the disclosures of which 40 additional anti-TGF-beta antibody described above, 
are incorporated by reference herein. It isenvisioned that the therapeutic agents of the invention 

For example, to determine whether an agent can elevate can increase TGF-beta levels by increasing the number of 
levels of TGF-beta, an agent or mixture of agents is first TGF-beta transcripts, increasing the translation^ efficiency 
at aortic vascular smooth muscle cells (rVSMCs) of TGF-beta transcripts, increasing the post-translational 



for their ability to stimulate the production of active TGF- 
in the culture medium as originally described for tamoxifen. 
See Grainger et al. (Biochem. J., 294, 109 (1993)). The key 
step in demonstrating that cells have a reduced proliferation 
rate as a result of TGF-p production and activation is that the 
effect can be fully reversed by neutralizing antibodies to 
TGF-(S. Incomplete reversal of a decreased rate of prolif- 
eration is evidence for TGF-p independent effect(s), which 
may include toxicity. 

The effects of an agent are then tested on explant human 
aortic smooth muscle cells (hVSMC) to determine whether 
the agent also stimulates production of TGF-p by these cells. 
The use of explant hVSMCs, is essential because (I) explant 
hVSMCs grown under non-optimal conditions (particularly 
at low cell densities) will spontaneously produce TGF-P; (ii) 
hVSMC cultures from cells prepared by enzyme dispersal 
spontaneously produce substantial amounts of TGF-fi in 
culture (Kirschenlohr et al., Am. J. Physiol, 265, C571 
(1993)) and therefore cannot be used for screening; and (iii) 
the sensitivity of rVSMCs and hVSMCs to agents which 



processing of the latent form of TGF-beta to the active form 
of TGF-beta, increasing the bioavailability of TGF-beta, 
and/or increasing the biological effect of active TGF-beta, 
e.g., by increasing the affinity of TGF-beta for its receptor, 
increasing the affinity of the receptor for TGF-beta and/or by 
50 increasing the number of receptors for TGF-beta on the cell 
surface, or any combination thereof. For example, the 
administration or aspirin or copper aspirinate (see Examples 
111 and IV) can increase the level of latent TGF-beta in a 
mammal relative to the level of latent TGF-beta in that 
55 mammal prior to aspirin or copper aspirinate administration. 
Agents useful in the practice of the methods of the 
invention can also be identified by the correlation of agent 
administration with the inhibition or reduction in atheroscle- 
rotic plaque development or formation, an increase in lesion 
60 regression or plaque stability, or a decrease vascular wall 
hypertrophy and/or hyperplasia in vivo. Agent efficacy is 
measured by methods available to those skilled in the art 
including, but not limited to, angiography, ultrasonic 
evaluation, fluoroscopic imaging, fiber optic endoscopic 



le cells to produce TGF-P differs by up to 100-fold. 65 examination or biopsy and histology. The activity of the 
In screening for agents likely to be effective for clinical therapeutic agents of the invention in vivo can also be 
purposes, it is therefore necessary to use hVSMCs to deter- monitored indirectly by the measurement of the levels of 
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TGF-beta in a patient before and after the administration of acid addition salt, as is customary in the administration of 

the therapeutic agent. pharmaceuticals comprising a basic group, such as an amino 

For non-vascular indications, agents useful in the practice or N-heterocyclic group, 

of the invention can be identified by the correlation of in The amount of therapeutic agent administered is selected 

vivo agent administration with a reduction in a particular 5 to treat a particular vascular indication. For example, to treat 

pathology associated with the non-vascular indication. For vascular traumas of differing severity, smaller doses are 

example, animal models for multiple sclerosis (Martin et al., sufficient to treat lesser vascular trauma, such as to prevent 

Ann. Rev. Immunol, 10, 153 (1992); Hafier et al., Immunol. vascular rejection following graft or transplant, while larger 

Toda , 10, 107 (1989), WO 93/16724) and rheumatoid doses are sufficient to treat more extensive vascular trauma, 

arthritis (WO 93/16724) may be employed to determine the 10 such as restenosis following angioplasty. The therapeutic 

activity of the therapeutic agents of the invention in vivo. agents of the invention are also amenable to chronic use for 

Additionally, suitable animal models for osteoporosis prophylactic purposes to treat disease states involving pro- 

(suspension induced osteoporosis in rats) and cancer liferation of vascular smooth muscle cells and pericytes 

(DMBA-induced skin cancer) are well known in the art. derived from the medial layers of vessels, pericytes and 

Vascular indications Amenable to Treatment by the claimed 35 fibroblasts in the adventitia, and migrating macrophage/ 

Methods monocyte/foam cells, over time (e.g, atherosclerosis, coro- 

The therapeutic agents of the invention are useful to treat nary heart disease, thrombosis, myocardial infarction, 

a mammal such as a human patient, afflicted with, or at risk stroke, uterine fibroid or fibroma and the like), preferably by 

of, a vascular indication. In particular, the therapeutic agents systemic administration. 

of the invention are useful to treat a mammal afflicted with, 20 Administration of the therapeutic agents in accordance 

or at risk of, a vascular indication associated with a defi- with the present invention may be continuous or 

ciency in TGF-beta. intermittent, depending, for example, upon the recipient's 

A mammal afflicted with, or at risk of, a vascular indica- physiological condition, whether the purpose of the admin- 
tion that would benefit from the practice of the claimed istration is therapeutic or prophylactic, and other factors 
invention includes a mammal exhibiting a reduced level of 25 known to skilled practitioners. The administration of the 
TGF-beta within the vessel wall. Such mammals may be agents of the invention may be essentially continuous over 
identified as having one or more risk factors which contrib- a preselected period of lime or may be in a series of spaced 
ute to reduced TGF-beta activity. These factors include low doses, e.g., either before, during, or after procedural vascular 
serum active levels of TGF-beta, elevated circulating PAI-1 trauma, before and during, before and after, during and after, 
antigen or activity, elevated circulating lipoprotein (a), 30 or before, during and after the procedural trauma, 
elevated blood concentration of LDL and/or VLDL in the One or more suitable unit dosage forms comprising the 
fasting state, the ability to elevate PA1-1 following a fat therapeutic agents of the invention, which, as discussed 
tolerance test, the presence of the 4G allele of the PAI-1 below, may be formulated for sustained release, can be 
promoter, and the like. Thus, the measurement of PAI-1/ administered by a variety of routes including oral, or 
TGF-beta response (Example 7) to fat feeding is one method 35 parenteral, including by rectal, transdermal, subcutaneous, 
to determine whether an individual is at risk of a vascular intravenous, intramuscular, intrapulmonary and intranasal 
indication associated with a deficiency in TGF-beta levels. routes. When the therapeutic agents of the invention are 
For example, low serum active TGF-beta levels can be prepared for oral administration, they are preferably corn- 
levels that are less than about 4 ng/ml, preferably less than bined with a phannaceutically acceptable carrier, diluent or 
about 3 ng/ml, and more preferably less than about 2 ng/ml. 40 excipient to form a pharmaceutical formulation, or unit 
Dosages, Formulations and Routes of Administration of the dosage form. The total active ingredients in such formula- 
Therapeutic Agents of the Invention tions comprise from 0.1 to 99.9% by weight of the formu- 

Aspirin or aspirinates, e.g., the compounds of formulas lation. By "phannaceutically acceptable" it is meant the 

(I), and the aspirinate salts of the invention, including their carrier, diluent, excipient, and/or salt must be compatible 

coordination solvates, are preferably administered at doses 45 with the other ingredients of the formulation, and not 

of about 0.001-600 mg/kg, more preferably at doses of deleterious to the recipient thereof, 

about 2.0-165 mg/kg, and even more preferably at doses of Pharmaceutical formulations containing the therapeutic 

about 1.0-100 mg/kg of body weight, although other dos- agents of the invention can be prepared by procedures 

ages may provide beneficial results. known in the art using well known and readily available 

Fish oil, a source of omega-3 fatty acids, is administered 50 ingredients. For example, a copper aspirinate including 

at doses of about 200-18000 mg/kg/day, more preferably at copper 2-acelylsalicylate, or a compound of formula (I), as 

doses of about 1000-6000 mg/kg/day, and even more pref- well as a compound of formula (VI), can be formulated with 

erably at doses of about 1200-4000 mg/kg/day, although common excipients, diluents, or carriers, and formed into 

other dosages may provide beneficial. tablets, capsules, suspensions, powders, and the like. 

For compounds of the formula (VI), generally, accepted 55 Examples of excipients, diluents, and carriers that are suit- 

and effective daily doses will be from about 0.05 mg/kg/day able for such formulations include the following fillers and 

to about 10 mg/kg/day, preferably about 0.1-1.0 mg/kg/day, extenders such as starch, sugars, mannitol, and silicic 

more preferably about 0.3-0.5 mg/kg/day. For local derivatives; binding agents such as carboxymethyl cellulose, 

delivery, an exemplary dose will be about 0.01 toaboutlOOO HPMC, and other cellulose derivatives, alginates, gelatin, 

Hgjral, preferably followed by a chronic lower dose, which 60 and polyvinyl-pyrrolidone; moisturi2ing agents such as 

is preferably administered orally. It is also contemplated that glycerol; disintegrating agents such as calcium carbonate 

a large loading dose may be employed, e.g., about 10 to and sodium bicarbonate; agents for retarding dissolution 

about 100 mg/kg, to rapidly establish a therapeutic level of such as paraffin; resorption accelerators such as quaternary 

the agent. The large loading dose is preferably followed by ammonium compounds; surface active agents such as cetyl 

a chronic dose of about 0.1 to about 20 mg/kg/day, prefer- 65 alcohol, glycerol monostearate; adsorptive carriers such as 

ably about 0.5 to about 2 mg/kg/day. It is preferred that a kaolin and bentonite; and lubricants such as laic, calcium 

compound of formula (VI) is administered in the form of an and magnesium stearate, and solid polyethyl glycols. 
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j aspirinates of 
in include buffering agents such as calcium 
carbonate, magnesium oxide and magnesium carbonate. 
Caplets and tablets can also include inactive ingredients 
such as cellulose, pregelatinized starch, silicon dioxide, < 
hydroxypropyl methylcellulose, magnesium stearate, micro- 
crystalline cellulose, starch, talc, titanium dioxide, benzoic 
acid, citric acid, com starch, mineral oil, polypropylene 
glycol, sodium phosphate, and zinc stearate, and the like. 
Hard or soft gelatin capsules containing aspirinates of the 
invention can contain inactive ingredients such as gelatin, 
microcrystalline cellulose, sodium lauryl sulfate, starch, 
talc, and titanium dioxide, and the like, as well as liquid 
vehicles such as polyethylene glycols (PEGs) and vegetable 
oil. Moreover, the enteric coated caplets or tablets of the 
copper aspirinates of the invention are designed to resist 1 
disintegration in the stomach and dissolve in the more 
neutral to alkaline environment of the duodenum. 

The pharmaceutical formulations of the therapeutic 
agents of the invention can take the form of an aqueous or 
anhydrous solution or dispersion, or alternatively the form 2 
of an emulsion or suspension. The therapeutic agents of the 
invention can also be formulated as elixirs or solutions for 
convenient oral administration or as solutions appropriate 
for parenteral administration, for instance by intramuscular, 



5,560,922 for examples of patches suitable for transdermal 
delivery of a therapeutic agent. Patches for transdermal 
delivery can comprise a backing layer and a polymer matrix 
which has dispersed or dissolved therein a therapeutic agent 
effective for reducing vessel lumen diameter diminution, 
along with one or more skin permeation enhancers. The 
backing layer can be made of any suitable material which is 
impermeable to the therapeutic agent. The backing layer 
serves as a protective cover for the matrix layer and provides 
also a support function. The backing can be formed so that 
it is essentially the same size layer as the polymer matrix or 
it can be of larger dimension so that it can extend beyond the 
side of the polymer matrix or overlay the side or sides of the 
polymer matrix and then can extend outwardly in a manner 
that the surface of the extension of the backing layer can be 
the base for an adhesive means. Alternatively, the polymer 
matrix can contain, or be formulated of, an adhesive 
polymer, such as polyacrylate or acrylate/vinyl acetate 
copolymer. For long-term applications it might be desirable 
to use microporous and/or breathable backing laminates, so 
hydration or maceration of the skin can be minimized. 

Examples of materials suitable for making the backing 
layer are films of high and low density polyethylene, 
polypropylene, polyurethane, polyvinylchloride, polyesters 
such as polyethylene phthalate), metal foils, metal foil 
laminates of such suitable polymer films, and the like. 
Preferably, the materials used for the backing layer are 
laminates of such polymer films with a metal foil such as 
aluminum foil. In sucb laminates, a polymer film of the 
laminate will usually be in contact with the adhesive poly- 



The backing layer can be any appropriate thickness which 
will provide the desired protective and support functions. A 
suitable thickness will be from about 10 to about 200 



These formulations can contain pharmaceulically accept- 
able vehicles and adjuvants which are well known in the 
prior art. It is possible, for example, lo prepare solutions 
using one or more organic solvents) that is/are acceptable 
from the physiological standpoint, chosen, in addition to 
water, from solvents such as acetone, ethanol, isopropyl 
alcohol, glycol ethers such as the products sold under the 
name "Dowanol", polyglycols and polyethylene glycols, 
Cj-C, alkyl esters of short-chain acids, preferably ethyl or 
isopropyl lactate, fatty acid triglycerides such as the prod- 35 Generally, those polymers used to form the biologicaUy 
ucts marketed under the name "Miglyol", isopropyl acceptable adhesive polymer layer are those capable of 
myristate, animal, mineral and vegetable oils and polysilox- forming shaped bodies, thin walls or coatings through which 
anes. therapeutic agents can pass at a controlled rate. Suitable 

The compositions according to the invention can also polymers are biologically and pharmaceulically compatible, 
contain thickening agents such as cellulose and/or cellulose 40 nonallergenic and insoluble in and compatible with body 
derivatives. They can also contain gums such as xanthan, fluids or tissues with which the device is contacted. The use 
alginates, guar, or carbo gum or gum arabic, or alternatively 
thickeners such as polyethylene glycols, bentones and 
montmorillonites, and the like. 

It is possible to add, if necessary, an adjuvant chosen from 
antioxidants, surfactants, preservatives, film-forming, kera- 
tolytic or comedolytic agents, perfumes and colorings. Also, 
other active ingredients may be added, whether for the 
conditions described or some other condition. 

For example, among antioxidants, t-butylhydroquinone, 
butylated hydroxyanisole, butylated hydroxyloluene and 
a-tocopherol and its derivatives may be mentioned. The 
galenical forms chiefly conditioned for topical application 
take the form of creams, milks, gels, dispersion or 
microemulsions, lotions thickened to a greatei 



3 be avoided since dissolution o 
erosion of the matrix by skin moisture would affect the 
release rate of the therapeutic agents as well as the capability 
; of the dosage unit to remain in place for convenience of 
removal. 

Exemplary materials for fabricating the adhesive polymer 
layer include polyethylene, polypropylene, polyurethane, 
ethylene/propylene copolymers, ethylene/ethylacrylate 
) copolymers, ethylene/vinyl acetate copolymers, silicone 
elastomers, especially the medical-grade 
polydimelhylsiloxanes, neoprene rubber, polyisobutylene, 
polyacrylates, chlorinated polyethylene, polyvinyl chloride, 
vinyl chloride-vinyl acetate copolymer, crosslinked poly- 
lesser 55 methacrylate polymers (hydrogel), polyvinylidene chloride, 
extent, impregnated pads, ointments or sticks, or alterna- polyethylene terephthalate), butyl rubber, epichlorohydrin 
lively the form of aerosol formulations in spray or foam rubbers, ethylenvinyl alcohol copolymers, ethylene- 
form or alternatively in the form of a cake of soap. vinyloxyelhanol copolymers; silicone copolymers, for 

Additionally, the agents are well suited to formulation as example, polysiloxane-polycarbonate copolymers, polysi- 
sustained release dosage forms and the like. The formula- 60 loxanepolyethylene oxide copolymers, polysiloxane- 
tions can be so constituted that they release the active polymethacrylate copolymers, polysiloxane-alkylene 



ingredient only or preferably in a particular part of tt 
intestinal tract, possibly over a period of time. The coatings, 
envelopes, and protective matrices may be made, for 
example, from polymeric substances or waxes. 6 

The therapeutic agents of the invention can be delivered 
via patches for transdermal administration. See U.S. Pat. No. 



copolymers (e.g., polysiloxane-ethylene copolymers), 
polysiloxane-alkylenesilane copolymers (e.g., polysiloxane- 
ethylenesilane copolymers), and the like; cellulose 
polymers, for example methyl or ethyl cellulose, hydrox- 
ypropyl methyl cellulose, and cellulose esters; polycarbon- 
ates; polytetrafluoroethylene; and the like. 
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Preferably, a biologically acceptable adhesive polymer 
matrix should be selected from polymers with glass transi- 
tion temperatures below room temperature. The polymer 
may, but need not necessarily, have a degree of crystallinity 
at room temperature. Cross-linking monomelic units or sites 5 
can be incorporated into such polymers. For example, cross- 
linking monomers can be incorporated into polyacrylale 
polymers, which provide sites for cross-linking the matrix 
after dispersing the therapeutic agent into the polymer. 
Known cross-linking monomers for polyacrylate polymers 10 
include polymethacrylic esters of polyols such as butylene 
diacrylate and dimethacrylate, lrimethylol propane tri- 
methacrylate and the like. Other monomers which provide 
such sites include allyl acrylate, allyl methacrylale, diallyl 
maleate and the like. is 

Preferably, a plasticizer and/or humectant is dispersed 
within the adhesive polymer matrix. Water-soluble polyols 
are generally suitable for this purpose. Incorporation of a 
humectant in the formulation allows the dosage unit to 
absorb moisture on the surface of skin which in rum helps 20 
to reduce skin irritation and to prevent the adhesive polymer 
layer of the delivery system from failing. 

Therapeutic agents released from a transdermal delivery 
system must be capable of penetrating each layer of skin. In 
order to increase the rate of permeation of a therapeutic 25 
agent, a transdermal drug delivery system must be able in 
particular to increase the permeability of the outermost layer 
of skin, the stratum comeum, which provides the most 
resistance to the penetration of molecules. The fabrication of 
patches for transdermal delivery of therapeutic agents is well 30 
known to the art. 

The local delivery of the therapeutic agents of the inven- 
tion can also be by a variety of techniques which administer 
the agent at or near the diseased or traumatized vascular site. 
Examples of site-specific or targeted local delivery tech- 35 
niques are not intended to be limiting but to be illustrative 
of the techniques available. Examples include local delivery 
catheters, such as an infusion or indwelling catheter, a 
needle catheter, shunts and stents or other implantable 
devices, site specific carriers, direct injection, or direct 40 
applications. In addition, local delivery of the therapeutic 
agents to branch points may be particularly beneficial as 
active TGF beta levels are lower at branch points, where 
lesion formation is increased relative to non-branch points. 

Catheters which may be useful in the practice of the 45 
invention include catheters such as those disclosed in Just et 
aL (U.S. Pat. No. 5,232,444), Abusio et al. (U.S. Pat. No. 
5,213,576), Shapland et al. (U.S. Pat. No. 5,282,785), Rac- 
chini et al. (U.S. Pat. No. 5,458,568) and Shaffer et al. (U.S. 
Pat. No. 5,049,132), the disclosures of which are incorpo- so 
rated by reference herein. 

For a compound of formula (VI), which may be admin- 
istered in accordance with the present invention using an 
infusion catheter, such as produced by C.R. Bard Inc., 
Billerica, Mass., or that disclosed by Wolinsky (U.S. Pat. 55 
No. 4,824,436) or Spears (U.S. Pat. No. 4,512,762), a 
lherapeutically/-prophylacticaliy effective dosage of the 
compounds of formula (VI) will be typically reached when 
the concentration thereof in the fluid space between the 
balloons of the catheter is in the range of about 10~ 3 to 10" 12 «o 
M. The compounds of formula (VI) may only need to be 
delivered in an anti-proliferative therapeutic/prophylactic 
dosage sufficient to expose the proximal (6 to 9) cell layers 
of the intimal or tunica media cells lining the lumen thereto. 
Also, such a dosage can be determined empirically, e.g., by 65 
a) infusing vessels from suitable animal model systems and 
using immunohistochcmical methods to detect the com- 



pound of formula (VI) and its effects; and b) conducting 
suitable in vitro studies. 

Local delivery by an implant involves the surgical place- 
ment of a matrix that contains the therapeutic agent at the 
lesion site or traumatized area. The implanted matrix 
releases the therapeutic agent by diffusion, chemical 
reaction, or solvent activators. Lange, Science, 249, 1527 
(1990). 

An example of targeted local delivery by an implant is the 
use of a stent. Stents are designed to mechanically prevent 
the collapse and reocclusion of the coronary arteries. Incor- 
porating a therapeutic agent into the stent delivers the 
therapeutic agent directly to the lesion. Local delivery of 
agents by this technique is described in Koh, Pharmaceu- 
tical Technology (October, 1990). 

For example, a metallic, plastic or biodegradable intra- 
vascular stent can be employed which comprises an effective 
amount of a therapeutic agent. The stent preferably com- 
prises a biodegradable coating or a porous or permeable 
non-biodegradable coating comprising the therapeutic 
agenL A more preferred embodiment of the invention is a 
coated stent wherein the coating comprises a sustained- 
release dosage form of the therapeutic agent. In an alterna- 
tive embodiment, a biodegradable stent may also have the 
therapeutic agent impregnated therein, i.e., in the stent 

A biodegradable stenl with the therapeutic agent impreg- 
nated therein can further be coated with a biodegradable 
coating or with a porous non-biodegradable coaling having 
the sustained release-dosage form of the therapeutic agent 
dispersed therein. Such a stent can provide a differential 
release rate of Ihe therapeutic agent, i.e., there can be a faster 
initial release of the therapeutic agent from the coating 
followed by a slower delayed release of the therapeutic 
agent impregnated in the stent matrix, upon degradation of 
the stent matrix. The intravascular stent also provides a 
is of providing an increase in luminal area 



Furthermore, the placement of intravascular stents com- 
prising a therapeutic agent which is an inhibitor of smooth 
muscle cell proliferation can provide increased efficacy by 
reducing or preventing intimal proliferation. This inhibition 
of intimal smooth muscle cells and stroma produced by the 
smooth muscle and pericytes can allow more rapid and 
complete re-endothelization following the intravenlional 
placement of the vascular stent. The increased rale of 
re-endothelization and stabilization of the vessel wall fol- 
lowing stent placement can reduce the loss of luminal area 
and decreased blood flow which is the primary cause of 
vascular stent failures. 

Another example is a delivery system in which a polymer 
thai contains the therapeutic agent is injected into the lesion 
in liquid form. The polymer then solidifies or cures to form 
the implant which is retained in situ. This technique is 
described in published PCT application WO 90/03768 
(Donn,Apr. 19,1990). 

Another example is the delivery of a therapeutic agent by 
polymeric endoluminal sealing. This technique uses a cath- 
eter to apply a polymeric implant to the interior surface of 
(he lumen. The therapeutic agent incorporated into the 
biodegradable polymer implant is thereby released at the 
surgical site. This technique is described in published PCT 
application WO 90/01969 (Schindler, Aug. 23, 1989), the 
disclosure of which is incorporated by reference herein. 

Yet another example of local delivery by an implant is by 
direct injection of vesicles or microparticulates into the 
lesion. These microparticulates may be composed of sub- 
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stances such as proteins, lipids, carbohydrates or synthetic administering an amount of 3-acetoxy-2-carboxythiophene 

polymers. These microparticulales have the therapeutic or a pbarmaceutically acceptable salt thereof, effective to 

agent incorporated throughout the microparticle or over the elevate the level of TGF-beta. 

microparlicle as a coating. Delivery systems incorporating A further aspect of the invention provides a therapeutic 

microparticulates are described in Lange, Science, 249,1527 5 method for preventing or treating a condition or symptom 

(1990) and Mathiowitz et al, J. App. Poly. Sci., 26, 809 associated with Parkinson's disease, Marfan's syndrome, 

(1981). Alzheimer's disease, senile dementia, osteoporosis, multiple 

Local delivery by site specific carriers involves attaching sclerosis, lupus erythermatosis, or fibrosis, comprising 

the therapeutic agent to a carrier which will direct the administering to a mammal in need of such therapy, an 

therapeutic agent to the target site, i.e., to a proliferative 10 effective amount of an aspirinate. 

lesion. Examples of this delivery technique includes the use A further aspect of the invention provides a therapeutic 

of carriers such as a protein ligand, e.g., a monoclonal method for preventing or treating a condition or symptom 

antibody or antibody fragment. Lange, Science, 249,1527 associated with an auto-immune disease, comprising admin- 

(1990). istering to a mammal in need of such therapy, an effective 

Local delivery by direct application also includes apply- is amount of an aspirinate, provided the asprinate is not a 

mg the therapeutic agent directly to tissue, such as to the copper salt of an aryl or heteroaryl carboxylic acid, 

arterial bypass graft during the surgical procedure, or an A further aspect of the invention provides a therapeutic 

artificial graft, and then implanting the treated graft or other method for lowering serum cholesterol, comprising admin- 

tissue - . ... istering to a mammal in need of such therapy, an effective 

For topical administration, the therapeutic agents may be 20 amount of an aspirinate. 
formulated as is known in the art for direct application to a A further aspect of the invention provides a therapeutic 
target area. Conventional forms for this purpose include method for enhancing or promoting wound healing, corn- 
wound dressings, coated bandages or other polymer prising administering to a mammal in need of such therapy, 
coverings, ointments, lotions, pastes, jellies, sprays, and an effective amount of an aspirinate. 
aerosols. The percent by weight of a therapeutic agent of the 25 A further aspect of the invention provides a kit 
invention present in a topical formulation will depend on comprising, separately packaged, a device adapted for the 
various factors, but generally will be from 05% to 95% of local delivery of an agent to a site in the lumen or a vessel 
the total weight of the formulation, and typically 1-25% by of a mammal, and al least one unit dosage form of an 
weight. aspirinate, wherein the aspirinate is effective to maintain or 

It will be recognized by those skilled in the art that 30 elevate the TGF-beta levels in said mammal. 

therapeuticallyZ-prophylacticaUy effective dosages of these A further aspect of the invention provides a method of 

therapeutic agents and compositions will be dependent on preventing or treating a mammal having, or at risk of 

several factors. For example, with respect to catheter developing, atherosclerosis, comprising administering an 

delivery, those factors include a) the atmospheric pressure amount of a combination of aspirin or an aspirinate and at 

applied during infusion; b) the time over which the agent 35 least one omega-3 fatty acid, wherein said amount is effee- 

administered resides at the vascular site; c) the form of the live to maintain or increase the level of TGF-beta so as to 

therapeutic or prophylactic agent employed; and/or d) the inhibit or reduce vessel lumen diameter diminution, 

nature of the vascular trauma and therapy desired. Those A further aspect of the invention provides a pharmaceu- 

skilled practitioners trained to deliver drugs al therapeuti- tical composition comprising: (a) an amount of a first agent 

cally or prophylacticalty effective dosages (e.g., by moni- 40 effective to elevate the level of latent TGF-beta; and (b) an 

toring drug levels and observing clinical effects in patients) amount of a second agent effective to increase the level of 

will determine the optimal dosage for an individual patient TGF-beta which is capable of binding to the TGF-beta 

based on experience and professional judgment. Those receptors. 

skilled in the art will recognize lhat infiltration of the A further aspect of the invention provides a pharmaceu- 

therapeutic agent into intimal layers of a diseased or trau- 45 tical composition comprising: (a) an aspirinate; and (b) at 

matized human vessel wall in free or sustained-release form least one omega-3 fatly acid; wherein components (a) and 

is subject to variation and will need to be determined on an (b) are present in a combined amount effective to maintain 

individual basis. or elevate TGF-beta levels when the composition is admin- 

A further aspect of the invention provides a method of istered to a mammal, 

treating a mammal having, or at risk of, an indication so A further aspect of the invention provides a kit 

associated with a TGF-beta deficiency comprising adminis- comprising, separately packaged, a unit dosage form of a 

tenng an amount of an aspirinate effective to elevate the first agent effective to elevate the level of latent TGF-beta in 

level of TGF-beta. a mammal, a unit dosage form of a second agent effective to 

A further aspect of the invention provides a method of increase the level of TGF-beta which is capable of binding 

treating a mammal having, or at risk of, a vascular indication 55 to the TGF-beta receptors in said mammal, and a device 

which is associated with a TGF-beta deficiency, comprising adapted for the local delivery of at least one of said agents, 

administering an amount of an aspirinate effective to elevate A further aspect of the invention provides a kit 

the level of TGF-beta so as to inhibit or reduce the dimi- comprising, separately packaged, a device adapted for the 

nution of vessel lumen diameter. Specifically, the adminis- local delivery of at least one agent to a site in the lumen of 

tration is effective to reduce or prevent lipid accumulation by «o a mammalian vessel and at least one unit dosage of aspirin 

the vessel, to increase plaque stability of an atherosclerotic or an aspirinate and at least one unit dosage of at least one 

lesion, to inhibit atherosclerotic lesion formation or omega-3 fatty acid, and wherein either or both unit dosages 

development, or to induce atherosclerotic lesion regression. are effective to maintain or elevate TGF-beta levels. 

A further aspect of the invention provides a method of A further aspect of the invention provides a therapeutic 

treating a mammal having, or at risk of, an indication 65 method comprising: (a) identifying a patient exhibiting a 

associated with a TGF-beta deficiency other than decreased level of active TGF-beta and afflicted with a 

hypertension, thrombosis or atherosclerosis, comprising pathology associated with said decreased level; and (b) 
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administering lo the patient an agent that elevates the level EXAMPLE I 
of TGF-beta which is capable of binding to the TGF-beta 

receptors so as to alleviate at least one of the symptoms of Association of TGF-beta with Lipoprotein Particles 
said pathology. * 

A further aspect of the invention provides a method 5 , TGF-b^ta is a hydrophobic protein known to have affinity 

endothelial cell activation in a polymeric aliphatic hydrocarbons. To determine whether 



mammal by detecting immunoglobulins that specifically TGF-beta would associate with lipoprotein particles in the 

bind lo a TGF-P Type II receptor or a portion thereof. circulation, platelet-poor plasma was prepared from periph- 

A further aspect of the invention provides a method eral ve nous blood drawn from ten healthy donors (A-J) and 

comprising diagnosing or monitoring a disease character- lwo donors with diabetes (K and L). The absence of platelet 

ized by endothelial cell activation in a mammal by detecting 10 degranulation (<0.02% degranulation) was confirmed by 

immunoglobulins that specifically bind to a TGF-p Type II measurement of PF-4 (platelet factor-4) in the plasma by 



a portion thereof. EL1SA (Assercbrom PF-4; Diagnostic Stago, FR). A 1 ml 

u..™r aspect of the invention provides a method aliquot of plasma was diluted to 4 ml with Buffer A (Havel 

comprising diagnosing or monitoring atherosclerosis in a el al.,J. Clin. Investig., 34, 1345 (1955)) and then KBr was 
mammal by detecting immunoglobulins that bind to a 15 added to final density of 1.215 g/ml. The lipoproteins were 

TGF-P Type II receptor or a portion thereof. separated from the plasma proteins by density gradient 

Specifically, in the above methods, immunoglobulins can ultracentrifugation (235,000xg) at 4° C. for 48 hours. The 

be detected by: (a) combining a physiological fluid from the lop 2 ml was collected as the li 



it 2 ml was collected as the lipoprotein deficient plasma 



mammal which comprises the immunoglobul 

capture moiety that binds the immunoglobulins, forming a 2 

capture complex comprising the capture moiety and the "°^T" , , . , 

immunoglobulins; and (b) detecting or determining the The total cholesterol m each fraction was measured by the 

amount of the capture complex. The capture moiety can be cholesterol oxidase eiaymatic method (Sigma Diagnostics) 

immoblized. The capture moiety can comprises a TGF-P asprev,o^lydescnbedinGraingeretal,Jv- af .^i, 1,1067 

Type II receptor or a portion thereof. The capture moiety can 25 ™ e cholesterol w fractions 0-9 was assumed to be 

comprises the extracellular domain of the TGF-P Type II VI^Lm fractions 10-19 to be LDL, and ,n fractions 20-30 

receptor. The immunoglobulins can comprise anti-TGF-p ,0 * HM -,. ln accotdance ««h the elution positions of the 

Type II receplor-IgG antibodies. The immunoglobulins can raa J or apolipoproteins. Lipoprotein concentrations are 

comprise anli-TGF-p Type II receptor-lgD antibodies. The ^ por,ed » mM cholesterol - For <* " cultures ^dies, the 



signal moiety can comprises anti-human-pan-IgG antibod- 30 u P°P*f ln ^ ^T^^ '° m ™J" l y™ 
ies. The s,gnal moiety can comprise anti-hu m an-IgG2 sub- ^ imSl *™»-?«* DM EM, and the amount of TGF-beta 
class specific anybodies. The signal moiety can comprise Wa * mea f r * d m lh f e ^°P™*™ ^cUon and in the plasma 
anti-human-IgD antibodies. The physiological fluid can be ^ „ r??^ if^JZT* 01 ^ 'T*' ^ 

serum, or plasma. The mammal can be a human. The Quantikme ELISA(R&D Systems) in accordance with the 
immunoglobulins can bind to the extracellular domain of the 35 manufacturer s mstructions. 

TGF-P Type II receptor. The immunoglobulins can comprise In individuals (7/10), TGF-beta was detected in the 
IgG antibodies. And, a signal moiety comprising a detect- lipoprotein fraction as well as the lipoprotein deficient 
able label can detect the complex. plasma fraction. The proportion of the TGF-beta associated 

A further aspect of the invention provides a method ' wilb lipoprotein varied from <1% to 39% with a mean of 
comprising detecting mammalian cells having TGF-p Type 40 16% - T* 1115 ' plasma TGF-beta, unlike most other plasma 
II receptors, by combining the cells with a capture moiety proteins, can associate with lipoprotein particles, 
that binds TGF-p type II receptors or a portion thereof, 

forming a capture complex; and detecting or determining the TABLE 1 

amount of the capture complex. The method may optionally " 
further comprising comparing the amount with a standard 45 
curve referenced to a pool of normal cells ot tissue. The - 
capture moiety can comprises immunoglobulins. The immu- 
noglobulins can bind to the extracellular domain of the 
TGF-P Type II receptor. The immunoglobulins can comprise 
IgG antibodies. The immunoglobulins can comprise IgG so 
antibodies. Specifically, a signal moiety comprising a detect- 
able label can detect the capture complex; the signal moiety 
can comprise anti-human-pan-lgG antibodies, anti-human- 
IgG2 subclass specific antibodies, or anti-human-IgD anti- 
bodies; and the cells can be brachial cells or femoral cells. 55 
A further aspect of the invention provides a method 
' ' g diagnosing oi 



Age % associated VLDL LDL 

(yis) Sex TGF-bcia (mM) 



mammal by detecting TGF-, type II receptors in cells or To determine whether the TGF-beta associated with lipo- 

tissue of the mammal. protein particles was able lo bind to the type II TGF-beta 

Afurther aspect of the invention provides a kit comprising 60 signaling receptor and exert biological activity in vitro, the 

packaging material containing: a) a capture moiety compris- binding of recombinant TGF-beta to R2X was measured in 

ing the extracellular domain of the TGF-P Type II receptor; the absence and presence of increasing concentrations of 

and b) a detection moiety capable of binding to an immu- lipoprotein purified from the plasma of an individual with <1 

noglobulin. Specifically, the immunoglobulin can be IgG, or ng/ml TGF-beta in plasma (individual I, Table 1). If the 

IgD- 65 Iipoprotein-associated fraction of TGF-beta is unavailable 

The invention will be better understood by making ref- for binding, lipoproteins prepared from an individual with a 

erence to the following specific examples. very low plasma concentration of TGF-beta would be 
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expected to reduce the binding of recombinant active TGF- inactive hpoprotein-associated pool may be at significantly 

beta to its receptors. The half maximal (ka) binding of higher risk of developing the disease. The differences in the 

Z^T hJ?I"^Tr^, recombinant extracellular proportion of TGF-beta associated with lipoprotein among 

t^Znt t wTl ? ? u*X e ? Pt0! ^ ^ re r USly lhe individuals studied was therefore investigated further 

5S«oS&s ssKCSfcasr^srs 5 m ^rr cias - * i**-^. by s ize 

(1995)) ^«"".^cra, ii using gel filtration chromatography for ten healthy individu- 

To measure the binding of TGF-beta to its receptor the f A_J ft" 6 1) 1 35 wB * T individuak 

recombinant extracellulardomain of the type II TGpieta ^7 T GF ^S^f^ ""^t ^ ^ * 

receptor (R2X), was coated onto EIJSA plates (1 »g/well n ™ , "F" 0 " 1 - *? fraCt "T fol,owin S the ^ 

MaxisorpVi, Gibco BRL). Wells were' washed 3 times '° Sih w« .TTr ^h 110 " ^ ^ ° f 

quickly in TBS and blocked with TBS containing 3% bovine indlv ' dua]s wa f «*» determined. 

serum albumin (BSA, fatty-acid free; Sigma) for 30 minutes ■ Individual A had a profile of lipoproteins typical of 

A standard curve of recombinant active TGF-betal (1 5 healthy sub J ecte <F iG 3A ) a " d 27% of the plasma TGF-beta 

ng/ml to 100 ng/ml recombinant active TGF-betal in two WaS assoc,aled mih the lipoprotein fraction. 88% of the 

fold serial dilutions; R&D Systems) was prepared in TBS liP°protein-associated TGF-beta eluted with a tightly 

+0.1% BSAand in TBS +0.1% BSA additionally containing defined subfractl0a of lbe HDL particles, with the smallest 

dialyzed lipoprotein at various concentrations. The standard ™ C ° f a11 lhe cho, esterol-containing lipoprotein particles, 

curves were incubated in the wells containing R2X for 2 remaining 12% of the hpoprotein-associaled TGF-beta 

hours. The amount of bound TGF-beta was detected with WaS dlslr;buled amon g the VLDL and LDL fractions. This 

antibody BDA5 (R&D Systems) as previously described by 2 ° P a ' l f m of ass0Cla " 0n of TGF-beta with a subfraclion of 

Grainger et al, Clin. Chim. Acta, 235, 11 (1995). Briefly HDL particles was typical of a „ , he heaUh donors les , ed 

after three quick washes with TBS, the wells were incubated (>80% of lhe l>P°PWtem-associated TGF-beta in a subfrac- 

with TGF-beta detection antibodv at 1 fig/ml in TBS +3% Uon of HDL) ' excepl ,ndlvldual C. 

BSA (50 jul/well) for 1 hour. After a further three washes in Individual C had little VLDL or chylomicrons but mod- 

TBS, the wells were incubated with anti-rabbit IgG conju- " eratel y elevated LDL and 24% of the plasma TGF-beta was 

gated to horseradish peroxidase (A-6154; Sigma) at 1:5000 associated with the lipoprotein pool (FIG. 3B). As with the 

dilution in TBS +3% BSA for 30 minutes. The wells were omer individuals the majority (65%) of the TGF-beta was 

washed 3 times with TBS and visualized using K-Blue associated with the HDL subtraction. However, this indi- 

Substrate (Elisa Technologies) for 20 minutes. All incuba- x vidual had a significant amount of TGF-beta (27%) associ- 

lions were performed at room temperature with shaking aIed witb LDL and the remainder eluted with the VLDL 

(-300 rpm). * Individual K was a diabetic patient with 

The presence of lipoprotein caused a dose-dependent bypertriglyceridaemia, and >50% of the total plasma cho- 

increase in the apparent ka for TGF-beta binding to R2X to lesterol was present in the largest triglyceride-rich lipopro- 

a maximal value of42±6 ng/ml when lipoprotein equivalent 35 ,ein particles (FIG. 3C). This individual had 78% of the 

to 3 mM total cholesterol was added (FIG. 2A; values are the " P'asma TGF-beta associated with the lipoprotein pool, but 

mean±standard error of triplicate determinations). The con- oai y 20% of ""s was present in the HDL subfraction. The 

centration of lipoprotein (measured as total cholesterol) remaining 80% co-eluted from the gel filtration column with 

which half-ma ximally increased the apparent ka was the VLDL and chylomicrons. 

approximately 1 mM. Thus, TGF-beta which is associated 40 Individual L was a diabetic patient with moderately 

with lipoprotein particles has a lower affinity for the type II elevated plasma triglyceride and VLDL/chylomicrons and 

TGF-beta receptor, or, if the TGF-beta is in equilibrium 92% of the plasma TGF-beta associated with the lipoprotein 

between the lipoprotein and aqueous phases, is unable to (FIG- 3D). This individual had very little (<5%) of the 

bind to the TGF-beta receptors. Kpoprotein-associated TGF-beta co-eluting with the HDL 

It has previously been shown that TGF-beta inhibits the 45 panicles. Approximately 60% of the TGF-beta co-eluted 

proliferation of mink lung epithelial (MvLu) cells in culture. ,ne la rgest triglyceride-rich lipoprotein particles and the 

Recombinant active TGF-betal was added to MvLu cells remainder with the LDL particles. 

(passage 59-63 from the ATCC) which were growing in Thus, TGF-beta associates with a subfraction of HDL 

DMEM +10% fetal calf serum) and the concentration of particles which vary very little in size and which are among 

recombinant TGF-beta required to half-maximally inhibit 50 ,ne smallest cholesterol-containing lipoproteins present in 

MvLu cells (reported as MvLu cell ID 50 ) was measured as plasma. Additionally, TGF-beta can associate with both the 

previously described (Danielpour et al., Cell Physiol., triglyceride-rich LDL and VLDL particles (FIG. 10). Indeed, 

138, 79 (1989); Kirschenlohr et al., Am. J. Physiol., 265, under conditions where the concentrations of these particles 

C571 (1993). Proliferation of MvLu cells was half- in plasma is elevated, e.g., in diabetic subjects or patients 

maximally inhibited by recombinant active TGF-betal with 55 with hypercholesterolaemia or hypertriglyceridaemia, these 

an ID 30 of 0.12+0.04 ng/ml (n=6) (FIG. 2B). Addition of particles can become the major lipoprotein fraction respon- 

lipoprotein purified from the plasma of individual I caused sible for binding TGF-beta. 

a dose-dependent increase in the ID 50 of TGF-beta. The ID 50 Diabetic individuals, particularly those with poor glucose 

was mAYimal al ft ^"7*fl Oft net/ml urhar, 1 1 „i — 1 . , c. ..... , ... 



18 ng/ml when 3 mM total choles- control, often exhibit elevated plasma concentrations of the 

terol was added. The concentration of lipoprotein which 60 triglyceride-rich lipoprotein particles. Such individuals may 

half-maximally increased the ID*, was approximately 0.8 therefore have an increased fraction of their plasma TGF- 

mM. Therefore, TGF-beta associated with lipoprotein was beta associated with the lipoprotein pool, since they may 

less active, or inactive, as an inhibitor of MvLu cell prolif- have a major fraction of their plasma TGF-beta associated 

era,10n - with Ine triglyceride-rich lipoprotein particles as well as the 

Since low levels of TGF-beta activity have been associ- 65 subfraction of HDL particles, 

ated with advanced atherosclerosis, individuals with a large The proportion of TGF-beta in the lipoprotein fraction for 

proportion of their plasma TGF-beta sequestered into an ten diabetic individuals who exhibited poor glucose control 
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was determined (Haemoglobin alC>8.0). These individuals 
had moderately elevated total plasma triglyceride levels 
(2.34+0.70 roM compared to 1.43±0.60 mM in healthy 
control donors; n=10; p<0.07 Student unpaired t-test), and 
the proportioa of TGF-beta associated with lipoprotein was 5 
markedly increased (68+21% compared to 16±11% in 
healthy control donors; mean+standard deviation; n=10; 
p<0.05 Mann-Whitney unpaired U-test). Therefore, diabetic 
individuals with poor glucose control have significantly 10 
more of the plasma TGF-beta sequestered into the lipopro- 
tein pool where it is less active or inactive. 

EXAMPLE II 

Effect of Dietary Fish Oil on the Association of 
TGF-beta with lipoprotein 

To determine whether dietary supplementation with fish 
oil would reduce the association of plasma TGF-beta with 
the lipoprotein fraction, platelet-poor plasma was prepared 
from 33 donors prior to, and immediately following, four 
weeks of dietary supplementation with 2.4 g/day fish oil 
(Wallace et al., Arterial Thromb. Vase. Biol, 15, 185 
(1995)). A further plasma sample was prepared nine weeks 
after ceasing the supplementation. The fraction of TGF-beta 
associated with the lipoprotein pool was determined for each 
plasma sample. 



Table 2. Proportion of TGF-beta associated with lipid 
following dietary supplementation with fish oil. Total trig- 
lyceride concentration was measured by the glycerol kinase 
enzymatic method (Sigma Diagnostics). Total cholesterol 
and % associated TGF-beta were assayed as described in 
Example I. Values are mean+standard error. *=p<0.01; 
paired Wilcoxon signed-rank test versus baseline. 



although total plasma cholesterol was unaffected (FIG. 4; 
Table 2). Fish oil supplementation also markedly reduced 
TGF-beta association with the lipoprotein fraction. The 
mean proportion of TGF-beta associated with lipoprotein 
was reduced from 19±10% (range<l% to 62%) to 7±4% 
(range<l% to 41%; p<0.01; paired Wilcoxon signed-rank 
test). After a further nine weeks without fish oil supplemen- 
tation of the diet, triglycerides had returned to baseline and 
the proportion of TGF-beta associated with the lipoprotein 
pool had increased to 13+9%, although it had not returned 
to the baseline. 

Consistent with the decrease in the fraction of TGF-beta 
sequestered into the inactive lipoprotein-associated pool, the 
concentration of active TGF-beta increased by 21% after 
four weeks of dietary supplementation with 2.4 g/day fish 
oil. The concentration of active TGF-beta was still signifi- 
cantly above baseline after a further 9 weeks after dietary 
supplementation, although the increase was less marked 
(+12%, p<0.05). Thus, increased dietary intake of fish oil 
reduces the fraction of plasma TGF-beta sequestered into the 
lipoprotein pool, and increases the concentration of active 
TGF-beta in plasma. 

The reduction in sequestration may be due to the alter- 
ation of the proportion of different lipoproteins, i.e., fish oil 
reduces triglyceride rich lipoprotein levels, or by altering the 
composition and hence sequestering properties of lipopro- 
tein. Thus, fish oil has no effect on the production of latent 
TGF-beta or mature TGF-beta but increases TGF-beta bio- 
availability by decreasing the lipoprotein sequestration of 
the TGF-beta. Such an effect would likely result in cardio- 
protection in individuals with adequate production of latent 
and mature TGF-beta but limited ability to release TGF-beta 
from lipoprotein complexes. 



EXAMPLE III 
Aspirin Increases Circulating TGF-beta Levels 
Aspirin has been suggested to have cardioprotective 
effects and is now in widespread use by patients diagnosed 
with coronary atherosclerosis. It has been demonstrated to 
significantly reduce the incidence of a second myocardial 
infarction (MI) in individuals who have previously suffered 
an Ml. However, any benefit for the primary prevention of 
MI has not yet been demonstrated rigorously, although some 
studies have reported encouraging results. 

A number of effects have been suggested to play a role in 
the cardioprotective benefits associated with chronic use of 
low-dose aspirin. Aspirin interferes with normal platelet 
function and increases the blood clotting time, while 
decreasing the stability of fibrin deposits. Since chronic 
formation of mural thrombi is thought to be important in the 
development of atherosclerosis and acute thrombus forma- 
tion is the main cause of MI, the anti-platelet function of 
aspirin is thought to be important in mediating its cardio- 
protective effects. Moreover, since aspirin is a well- 
documented anti-inflammatory agent and atherosclerosis has 
an important inflammatory component, the anti- 
inflammatory action of aspirin could also contribute to 
cardioprotection. 

In a study of 31 individuals with no detectable athero- 
sclerosis by coronary angiography (NCA), the concentration 
of active plus acid-activatable latent (a+1) TGF-beta in 
serum was almost two-fold higher in those taking aspirin 
(300 mg per day for an average of 30 months) than those not. 
Thus the proportion of TGF-beta in the active form was not 
significantly altered, suggesting that aspirin may stimulate 
production of the latent TGF -beta precursor rather than 
stimulating its activation. 

Agents associated with elevated circulating TGF-beta 
concentration ini vivo have been shown to stimulate TGF- 
beta production by vascular smooth muscle cells (VSMCs) 
in culture. To determine whether aspirin could stimulate 
TGF-beta production by human VSMCs in culture, conflu- 
ent cultures of human explant-derived VSMCs were sub- 
cultured into and grown for 24 hours in the presence of 10% 
FCS. The medium was then changed and triplicate wells 
were treated with either aspirin (from a stock solution 
n ethanol) or sodium aspirinate at various con- 
. The medium was replaced after 48 hours and 
after 96 hours the cells were released with trypsin and 
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counted by haemocylometer. Tamoxifen (5 ftM) was used as 
positive coDtrol, since it has previously been shown to 
stimulate TGF-bela production under similar conditions. 
Aspirin inhibited the proliferation of human VSMCs with 
half-maximal inhibition (ED 50 ) at 12±3 /M (n=4), and 5 
maximally inhibited proliferation at 50 fiU when the 
increase in cell number over 96 hours was inhibited by 
33±6% (FIG. 5A). The effects of sodium aspirinate were not 
distinguishable from the effects of aspirin (ED SO =10 /OA; 

To demonstrate that the inhibition of proliferation by 
aspirin was due to TGF-beta production, subcultured human 
VSMCs were treated with 10 /<M aspirin in the presence and 
absence of 25 fig/ml of a neutralizing antibody to TGF-bela. 
The presence of the antibody abolished (>95%; n=3) the » 
growth inhibitory effects of aspirin and sodium aspirinate 
(>95%; n=2) (FIG. 5B). 

The amount of TGF-beta present in medium conditioned 
on VSMCs in the presence and absence of aspirin was 
measured by ELISA. In the absence of aspirin, only 1.5+0.4 20 
ng/ml TGF-beta was detected in the medium compared with 
4.9±1.2 ng/ml (n=3; p<0.05; Students unpaired t test) after 
96 hours in the presence of 10 /M aspirin. Thus, aspirin, like 
tamoxifen, stimulates production of TGF-beta by human 
VSMCs in culture, although the ED 50 for aspirin (12 f!M) 25 
was markedly less potent than for tamoxifen (50 nM). 

To evaluate the effect of aspirin administration on TGF- 
beta levels in vivo, the level of (a+1) TGF-beta or TGF-beta 
activity in the circulation of 42 patients with more than 50% 
stenoses of all three major coronary arteries (TVD) taking 
low-dose aspirin relative to individuals with normal coro- 
nary arteries (NCA) was determined. Platelet-poor plasma 
was prepared with minimal (<0.1% assessed by PF-4 
release) platelet degranulation and active and (a+1) TGF- ,, 
beta were measured by ELISA. 

The individuals in the NCA group had (a+1) TGF-bela 
and active TGF-beta levels typical of healthy individuals 
reported previously. These patients had either taken no 
aspirin (n=19), or 75 rag (n=14), 150 mg (n=8) or 300 mg m 
(n=l) of aspirin per day for an average of 17 months. There 
was a significant correlation between aspirin dose and (a+1) 
TGF-beta levels (p<0.05; one way analysis of variation) 
suggesting that aspirin stimulates TGF-beta production in a 
dose-dependent manner (FIGS. 6A and 6B). The mean (a+1) 45 
TGF-beta level was significantly higher in patients taking 75 
mg/day of aspirin (+41%; p<0.05), and in patients taking 
150 mg/day of aspirin (55%; p<0.05). This is consistent with 
a previous study, where (a+1) TGF-beta levels were elevated 
by 66% in patients taking 150 mg aspirin per day. TGF-bela 50 
activity was also elevated in NCA individuals taking 150 mg ' 
aspirin per day (FIG. 6A), and hence the proportion of 
TGF-beta in the active form was not significantly changed. 
TGF-beta production was similarly higher in both men and 
women taking aspirin (+47% in men compared lo 44% in 55 
women at 150 mg per day; FIG. 6C). 

EXAMPLE IV 
Copper Aspirinate is a TGF-beta Stimulating Agent 
One disadvantage of aspirin as a TGF-beta stimulator is 
that aspirin is not very potent in human cell culture or in 
vivo. Therefore, the identification of other TGF-beta pro- 
duction stimulators which are more potent than aspirin is 

Consumption of red wine has been proposed to mediate 
cardiovascular protection, although the data supporting this 



proposal are still debated. To determine whether red wine, as 
opposed to white wine, can stimulate TGF-beta production 
in vitro or in vivo, red wine (Chateaux 1993 from the 
Bordeaux region) or white wine (German Reisling) was 
lyophilized and reconstituted in one tenth volume of 5% 
ethanol in water lo produce a 10 fold wine concentrate. Red 
and white grape juice (Sainsbury 's) were treated similarly as 
controls as they are expected to lack the active components 
produced during fermentation of the grape skins. Ral vas- 
cular smooth muscle cells (rVSMCs) were subcultured into 
DMEM+10% fetal calf serum, grown for 24 hours then 
treated with various concentrations of the wines or grape 
juices. The medium was replaced after 48 hours and after 96 
hours, the cells released with trypsin and counted by 
haemocy tometer. Final concentrations of the wine and grape 
juice on the cells were expressed as a percentage of the 
concentration of the original wine or grape juice. 

Red wine, but not white wine or either grape juice, 
inhibited VSMC proliferation with an ED 50 of 25-33% 
concentration. At the highest concentration tested (200%) 
the increase in cell number after 96 hours was inhibited by 
46±6%(n-3). 

To determine whether this inhibition of VSMC prolifera- 
tion by the red wine concentrate was due to induction of 
TGF-beta, cells were incubated with 25% and 100% con- 
centration of red wine in the presence and absence of 10 
pg/ml of a neutralizing antiserum to TGF-beta, which has 
previously been shown to completely abolish the growth 
inhibitory effects of 10 ng/ml TGF-beta in VSMC culture. 
The presence of neutralizing antibody to TGF-beta com- 
pletely reversed (>95%) the growth inhibitory effects of the 
red wine. Thus, red wine induces TGF-beta production by 
VSMCs in vitro and this effect is not due to the alcohol 
component. 

5 To investigate whether red wine might also elevate TGF- 
beta levels in vivo, blood samples were drawn from 120 
randomly selected individuals in Toulouse, France and 
serum prepared. Additionally, these subjects completed a 
questionnaire which included details of their wine consump- 
o lion. Active plus latent (a+1) TGF-beta and active TGF-beta 
levels in these samples were assayed by ELISA as described 
hereinabove. The mean (a+1) TGF-beta and active TGF-beta 
levels were not significantly different from those reported 
from other random populations. 
5 A weaker correlation was observed between red wine 
consumption and active TGF-beta levels. Thus, (a+1) TGF- 
beta was almost two fold higher in the group of individuals 
drinking more than 1 standard deviation above the mean red 
wine consumption than those more than 1 standard deviation 
o below the mean. Although there was also a significant 
correlation between total alcohol consumption and (a+1) 
TGF-bela levels, this may result from the large fraction of 
total alcohol consumed which is taken as red wine in this 
population. There was no correlation between white wine, 
5 beer or spirit consumption and either (a+1) TGF-beta or 
active TGF-bela levels. Thus, it is very likely that increased 
wine consumption is associated with elevated TGF-beta 
levels in the circulation. 

When the red wine consumed was divided by the region 
oof origin, four regions were significantly represented. How- 
ever of these, only individuals drinking wine originally from 
Bordeaux showed a statistically significant correlation with 
(a+1) TGF-beta levels. This may be a consequence of the 
reduced numbers of individuals in each group, or altema- 
5 lively suggests that only wines of Bordeaux origin stimulate 
TGF-beta production or increase TGF-beta levels more 
potently man wmes of other origins. 



0120 



6,117,911 

49 50 

Red wines, but not white wines, have been shown to cells and platelets were spun down (6,000xg; 30 minutes) 

contain various salicylate components which are produced and the middle third of the supernatant was taken, carefully 

during fermentation of the grape skins. To determine avoiding disturbing the peUel. This platelet-poor plasma was 

whether a salicylate component of red wine was correlated stored in aliquots at -100° C. until assayed. For all samples 

to TGF-beta activity, cultured (rat or human) VSMCs were 5 assay for PF-4 demonstrated that less than 0.02% of the 

exposed to red wine in the presence of various concentra- platelets had degranulaled during plasma preparation 

Hons of a neutrahzing antibody raised against sodium sali- Ac[lve pUls acid-activatablc latent (a+1) TGF-beta levels 

n^n^i r 7 t T h 5 mOC y am ° « a *"» assayed in platelet-poor plasma using seven different 

mhib tory activity of Bordeaux red wme with an ED S0 of 15 10 regarding the most appropriate way to measure (a+1) TGF- 

reversaloflhegrowth inhibition was achieved, i.e., approxi- Yemeni method all the available methods which have been 



mately 70% of the growth inhibitory activity was reversed. described in the literature were used. The ; 

The majority of the TGF-beta stimulating activity in Bor- / AN A ... a u- u m ic- a - t»^.,,. 

deaux red wine is therefore due to the presence of salicylate- 15 (A >* ^ % ? L " SA using BDA1S 

like compounds. Systems) anlibod.es with no activat 

Given the likelv concentration of salicylate in this red (B) The Quant ikine TGF-betal ELISAkit (R&D Systems) 

' . . . . i_ Iu ,uu> tca usina acid/urea as Ihe activahAn hiiffer in ^^rH^» 



wine, based on previous studies, and the ED S0 for aspirin ^tel^^AT^^ ™ 

inducing TGF-beta in VSMC culture, the presence of^ali- , ^ ""fT^ "'f^f . ,„ 

cylate alone cannot explain the observed effects. One pos- » ( C > ^ Ouantflone TGF-betal ELISAkit (R&D Systems) 

sible resolution of this paradox would be the present of , n f^ a " d a '°T ^ acUva,ion buffer 

salicylate-like compounds in red wine which stimulate TGF- (D > BloTrak TGF-betal ELISA kit (Amersham 

beta more potently than acetyl salicylate. One such International) using acid/urea as the activation buffer 

derivative, reported to have more potent effects than aspirin ( E ) ^ B ' oTrak TGF-betal ELISA kit (Amersham 

is the transition metal complex copper II (acetyl salicylate^ 25 International) using add alone as the activation buffer 

The ED 50 for TGF-beta production of the complex (Cu in accordance with the manufacturers instructions 

Aspirinate) was determined in cultured rat and human ( F ) ^ TGF-betal ELISA kit (Genzyme Diagnostics) 

VSMCs. Cu aspirinate was almost two orders of magnitude acid/urea as the activation buffer in accordance 

more potent than aspirin at stimulating TGF-beta (ED50 on wilb me manufacturer's instructions 

human cells 200 nM for Cu aspirinate versus 10 fM for 30 (G) The TGF-betal ELISA kit (Promega Corporation) 

aspirin). It is likely that there is sufficient Cu aspirinate in red using acid alone as the activation buffer in accordance 

wine, and particularly in red wines of Bordeaux origin which with the manufacturer's instructions 

are especially rich in copper, to account for most if not all Replicate aliquots of plasma taken from the same individu- 

of the TGF-beta stimulating activity associated with red als at the same time were assayed by all seven methods, 

wine. 35 The partitioning of TGF-beta between the lipoproteins 

Thus, copper aspirinate complex is believed to be the and P lasraa Pr°«eins was analyzed by separating the lipo- 

activeTGF-heta stimulating agent in red wine and is a potent protem fraction (d<1.215 g/cm z ) from the plasma proteins 

TGF-beta production stimulating agent in vitro and in vivo. b ? densit y ultracentrifugation as described hereinabove. 

TGF-beta levels were assayed in both fractions using the 

EXAMPLE V to Quantikine ELISA kit, following release and activation of 
TGF-beta with acetic acid and urea in accordance with the 

TGF-beta Levels in Tamoxifen Treated Patients manufacturer's instructions. None of the three TGF-beta 

TMX administration, fifteen patients with stable angina and 45 urea •»*««. <"^w 

daflv SSI tf H d tr ? le , T?i T k ^ X Total P lasma 'riglyceride, total plasma cholesterol, HDL- 

daily for ten days at a doses.mdar o tha generally used for cholesterol, LDL-choIesterol and VXDL<holesterol were 

™ we^dlfi?/" Pa ^ ntS 7f '"P. le ™f ^ routinely assayed in all patients. Liver function tests 

~ Jf'n 1 >nd.v,duals having at least 50% (asparlal e transaminase and lactate dehydrogenase) were 

stenosis of all three coronary arteries by angiography which 50 a]so ^ dolmed on les rior , 0 d^^-mX *nd at 

was confirmed by two ^dependent observers. All had stable tne end of tne slud b £ , ^ bioch * mis ^ laboratory 

angina, with no myocardial infarction m the previous three pi™,. PA i i was , ' .rf „,;„,, m p. ?*I 7a " 

^^^^^^^^^ SC^lS^^^J^ 4 ^ 

function, ventncuiarhypertrophyordiabeteswereexcluded. JT» iaac ; tive ^^Ja) was 

Blood samples were taken and plasma prepared before 55 assayed by an ELISA for apolipoprotein(a) (Immunol which 

and dunng the treatment period, and these samples were showed no detectable cross reactivity with related proteins 

analyzed for TGF-beta, Lp(a), PAI-1 and lipoprotein pro- such as plasminogen. Platelet factor-4 (PF4) and 

files. Patients were asked to fast overnight prior to samples P-lhromboglobulin (PTG) were assayed using specific EL1- 

of blood being drawn between 9 a.m. and 10 a.m. the SAs (Diagnostica Stago). 

following morning. Blood samples were drawn by 60 Many of the parameters studied would not be expected to 

venepuncture of the antecubilal vein with no tourniquet show a normal distribution in the population of TVD 

applied using a 21 gauge butterfly needle. Half the blood patients. Consequently, all comparisons are made with the 

was allowed to clot for 2 hours at room temperature in baseline (day 0) values using the paired Wilcoxon signed- 

polypropylene tubes. The clot was spun down (l,500xg; 15 rank test. A p value of 0.05 or less was taken to indicate 

minutes) and aliquots of the serum was stored at -100° C. 65 statistical significance. 

The remaining blood was dispensed into Diatube H tubes TMX [Nolvadex™ (tamoxifen citrate) Zeneca Ltd 

(Diagnostica Stago) and cooled on ice for 15 minutes. Blood Macclesfield, UK] at a dose of 40 mg was taken each 
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morning, before breakfast, for 10 days. Before TMX treat- associated with lipoprotein was measured. The lipoproteins 

ment the mean (a+1) TGF-beta in plasma was 6.2+1.3 were separated from the plasma proteins by density gradient 

ng i? \ . . _ „ ultracentrifugation. Id order to detect the TGF-betal in the 

in^^lSSTnT? TrpT, WaS ' treDd . 0f "Tf " JiP0P««ein [ ™«™> «» Quantikine ELISA was used M- 

^L^SkST^tt ^ ^ v? r 1 " eSpeCtlV6 " 5 lowing release and activation of any TGF-beta in both the 

were standardized against different TGF-beta standard i,;„u„ -ia^aot „r n,. tve K.f r . • - . j 
curves and gave significantly different median levels of **fT 34 * ?* ° f TGF ^ 6la 7 S l W* M «* d 

(a + l) TGF-beta in the population at baseline. However, by ^ nm? 8 ft L"? ""f 

day 10 there was a median increase of 59% in (a+l) 2S **£* > f ) ™ day * ° f ™ X ( 8C >- 

TGF-beta. This increase was statistically significant for all 10 , ^ data show tbat ™ X (*° m S P £r elevales ,he 

the assay methodologies used, except for (G). This kit did plasma concentration of TGF-beta in men with severe coro- 

not perform well, detecting much lower levels of (a+l) na 7 atherosclerosis. This increase was seen irrespective of 

TGF-beta at both baseline and after treatment than all the which of the seven different methodologies were employed 

other methods (A) to (F). to measure (a+l) TGF-beta. Consistent with studies in cell 

Therefore, during treatment of men with TMX there is a 15 culture and in mice, TMX elevates the amount of (a+l) 

statistically significant increase in the amount of (a+l) TGF-beta, suggesting that the elevation may have resulted 

TGF-beta in plasma, by 10 days after treatment is com- from increased synthesis of latent precursor complexes. In 

menced. This increase is detected irrespective of the meth- rat and human smooth muscle cell culture, TMX increases 

odology used to measure (a+l) TGF-beta. TGF-beta production by increasing the amount of TGF-betal 
20 mRNA. In other cell types TMX increases the translational 

TABLE 3 efficiency of TGF-beta mRNA and hence increases produc- 

" " ~~ lion of the latent precursor protein. Irrespective of the 

, 031,0 03x10 mechanism, we observe increased levels of TGF-beta in men 

Age (yrs) 62.2 * is with atherosclerosis, corresponding to the increases seen in 

Tout plasma cholesterol 6.31 *o.28 s.95 * 0.29" 25 animal models of atherosclerosis when TMX significantly 

viLDL-cholesterai (mM) 1 03 ± o u 084 OH- reduces lipid lesion formation, irrespective of the genetic 

LDK*olesterol (mM) 4M ± 0^7 4.16 * 0.25 predisposition to lesion formation (FIG. 9). 
HDL-choleslerol (mM) 0.78 * 0.03 0.77 1 0.04 

Total plasma triglycerides 2.79 * 0.44 228 ± 0 35 EXAMPLE VI 

(mM) 30 - 
Plasma (a + 1) 
TOF-6 (ng/ml) 

Method (A) 6.2 * lj 7.7 * 1 3' (+24%) Another disadvantage of aspirin as a cardiovascular agenl, 

Method (B) o.7i0.i 1.2*0.2' (+71%) besides the fact that it is not a very potent TGF-beta 

± nV" 35 eIcvatin g a g em - is that it appears to be a pure stimulator of 

23 * 01" (+29%) lhe Ialenl folm of TGF -heta. As a result, under conditions 

5.2 * 0.3" (+59%) wherc TGF-beta activation or release is not occurring, or is 

0.2 * o.l (+100%) occurring to a reduced extent, e.g., when PAI-1 inhibits 
activation or lipoproteins sequester TGF-beta, the supply of 
40 latent TGF-beta precursors may not be limiting for the 
generation of the active forms. This disadvantage can be 

All values are mean * standard enor for 15 patients. Comparisons overcome by combination therapy. Thus, the identification 

between baseline (day 0) and values after TMX treatment (day 10) were of agents that increase lhe level of mature and/or active 

ma*^m|_,be parred WUcoxon srgned-ranks tesL TGF-beta, can be useful in combination therapies with 

", p < 0.01. 45 aspirin or with other agents that are more potent stimulators 

tw„ .- . u j i_- l. ■ , c. , - , of the latent form of TGF-beta, such as copper aspirinate. 

These patients had a high average level of Lp(a) (mean T .. . ,. „ . ' ,. . <*>P""' a «- 

61±10 mg/dl at baseline), consistent with their coronary To . the efficac y combination therapy, and to 

artery status. The plasma concentration of Lp(a) was P rovide evidence for synergism between aspirin and fish oil, 

decreased by 27% (p<0.05 compared to baseline) by day 3 8-week-old female apoE knockout mice were fed aspirin or 

of TMX therapy. By day 10, the Lp(a) concentration was 50 fish 0,1 > or botb > 10 ass 655 the cardioprotective effects of 

reduced by 31% compared to baseline (p-0.02; FIG. 8A). modulating different components of lhe TGF-beta pathway. 

Another cardiovascular risk factor which has been shown Group A mice (n=10) were sacrificed at day 0. Group B 

to influence TGF-beta activity is the lipoprotein profile, mice (n=10) were fed normal chow. Group C mice (n=10) 

since TGF-beta can be sequestered into lipoprotein particles were fed normal chow and about 3 mg/kg/day aspirin 

where it is biologically inactive. TMX has been reported to 55 dissolved in water (15 fig/ml aspirin). Group D mice (n=10) 

decrease plasma cholesterol and to increase the fraction of were fed chow containing 33 mg/kg/day fish oil (200 u% 

cholesterol in HDL particles. Consistent with these reports, Pulse cod liver oil/g food, Seven Seas Ltd., which contains 

total plasma cholesterol was decreased by 6% below base- 0.9 g eicosapentaenoic acid (EPA), and 0.3 g docosa- 

line (p=0.04) after 10 days of TMX therapy. In addition, hexaenoic acid (DHA)) and 3 mg/kg/day aspirin dissolved in 

cholesterol in the VLDL fraction was reduced (18% below 60 water. Group E mice (n=10) were fed chow containing 33 

baseline; p=0.04) but the concentration of LDL-choleslerol mg/kg/day fish oil. Group F mice (n=10) were fed chow 

and HDL-choleslerol were both unchanged (Table 3). Total containing Zocor (simvastatin; Zocor tablets, Merck, Sharpe 

plasma triglyceride concentration was 18% lower after 10 & Dohme) at 400 /tg/kg/day (2 /ig/g food). Simvastatin is an 

days of TMX treatment, but the change was not statistically inhibitor of the enzyme HMG-CoA reductase, the commit- 

significant (p=0.22). 65 ted step in cholesterol biosynthesis. As a result, it has been 

Since TMX had significantly altered the lipoprotein pro- shown to reduce the total plasma cholesterol concentration 

file of the patients, the proportion of the plasma TGF-beta in man and in particular the concentration of cholesterol in 



Lipoprotein© (mg/dl) 61.3 * 13.8 42.4 ± 9.5" 

Plasma PAI-t antigen 29.' 
(ng/ml) 
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the more triglyceride-rich particles (VLDL and LDL). If 
alterations in the lipid profile are responsible for the sup- 
pression of lesion formation previously observed with TMX, 
then simvastatin should reduce lesion formation. 

Groups B-F were fed these regimens for 87 days. All 
mice were weighed daily for the first week and weekly 
thereafter. Food and water consumption over a 24 hour 
period were measured daily for the first 7 days and weekly 
thereafter. There was no significant difference in weight, 10 
food intake or water consumption in any of the groups 

throughout the Study. "p < 0.0S Mann-Whitney U test 

After 87 days, mice in groups B-F were fasted overnight The amount of active plus latent and active TGF-beta in 
and then sacrificed. Serum, heart, lungs and aorta samples 15 'he vessel wall, and the amount of active TGF-beta (ng/ml) 
were collected at the time of sacrifice. The heart, lungs and fa the P lasma of lhese mice was als ° determined (Table 5), 
aorta were removed from each mouse and rinsed in PBS b> ' melflodolo g' e s described in Examples 4 and 7 of copend- 
dabbed dry on tissue and embedded in Cryo-M-bed embed^ a .PP lication No f «/478 936 filed Jun. 7, 1995, 

which is incorporated by reference herein. 







Lesion Area 
(pm 2 staining) 


Number of Lesions 




control, day 0 


10,765 *978 


3.4 x 0.2 


B 


control, day 88 


27,175 * 1040 


10.5 * 0.7 


c 




27,512 £ 974 


6.6 ± 0.2" 




aspirin + fish oil 


23,587 ± 898" 


5.5 ± 0.4" 


E 


fish oil 


25,871 ± 1356 


6.9 ± 0.3" 






25,777 * 1368 


8.1 ± OA" 



' < ' < Jii«-uiS, Huntington, U.K.) before ~. . . , 

„.„ fr „,: no ,„ ,: ra „H „;,„,„„„ r, 1- 20 7116 neighboring sections to those stained for neutral lipid 

snap feezing in hquid nitrogen. Frozen sections (4 m wilh m Rfid Q described abov£ wfire ^ ^ ^ 

Unckness) of the aortic sinus region were prepared from the coa(ed with po i y . L . lysine (0 .i %; Sigma) and fixed in ice- 

heartyiung/aorta blocks according to the sectioning strategy cold acetone for 90 seconds, air-dried and stored at -20° C. 

of Paigen et al. (Arteriosclerosis, 10, 316 (1990)). Sections until assayed. Active plus acid-activatable latent (a+1) TGF- 

on 5% gelatin-coaled slides were stained for neutral lipid by 25 beta was measured by quantitative immunofluorescence 

the Oil Red O technique and counter-stained with fast green microscopy using specific primary antibodies (BDA 19, 

(Grainger et al., Nature Med., 1, 1067(1995)). AB-100-NA; R&D Systems), see Mosedale el al., His- 

^ . , tochem. Cytochem., 44, 1043 (1996), the disclosure of which 

The development of hpid-fiUed vascular lesions was is incorporated by reference herein. Active TGF-beta was 

determined by the quantitation of oil red 0 staining for 30 measured by quantitative immunofluorescence microscopy 

neutral lipid deposited in the aortic sinus region. The area of using the recombinant extracellular domain of the type II 

lipid accumulation was measured using a calibrated micro- TGF-beta receptor (R2X) labeled with fluorescein, 

scope eye-piece, such that lipid droplels<50 /«n 2 were The data in Table 5 show that active plus latent TGF-beta 

ignored and contiguous regions of lipid staining>500 fim 2 in levels were significantly elevated in the vessel wall of mice 

area were classified as lesions. The area staining for neutral 35 havin g diets supplemented with aspirin (+36%; p<0.01; 

lipid increased from 10,765*978 to 27,175±1040 ^m 2 / n ^ 0 ' Mann-Whitney " «=st) relive to control mice. The 

mouse over the three months of the experiment for mice fed am0Unt ° f aCtlV * l^ ^ 1 * WaS not significantly a ^«ed by 

a normal mouse chow diet, as seen in previous studies of aSpl " n U,erapy ( ~ 6%; P" N SX suggesting that the additional 

spontaneous lesion development in apoE knockout mice M « ,m P' e f s nol efficiently activated in the vessel 

meat over the same 3 month period (Table 4). Treatment but e j evated active TOp ^ ' sma „ ^ •*> 

witt, fish oil alone reduced lesion development slightly, p ^, 05; „_l 0 ; Mann-Whitney U lest). These results Lggest 

although the vanation in the area of lesions between animals tnal ^pinn stimulates production of latent TGF beta 

within a group was too large for the effect to be statistically 45 complexes, while fish oil increases the proportion of TGF- 

significant (-8%; p=0.11; Mann-Whitney U test). beta available in the active form, i.e., for receptor binding. 

In contrast, treatment with aspirin plus fish oil resulted in 

a significant reduction in lesion formation (-22%; p=0.01; TABLE 5 

Mann-Whitney U test), suggesting that aspirin and fish oil 50 Activc ~ Active tgf- 

act synergistically to reduce lipid lesion formation. Treat- " TGF-beta in beta in Vessel 

menl with simvastatin, however, did not significantly reduce Qm °f Vessel Wall Wall 

lipid lesion formation in apoE knockout mice. The area a 54 * 4 36 * 2 

staining for neutral lipid deposition was lower than in B 42 * 4 18 ± 2 

untreated mice (-7%; p=0.33; Mann-Whitney U test), but as 55 § 63,6" " * 2 " 

with mice treated with fish oil alone, this decrease was not B 44 1 4 * 21 1 3" 

statistically significant. F 44 «= s 20 ± 3 

Treatment with aspirin and fish oil, alone or in "p-sO.01, 

combination, also resulted in a marked change in lesion 60 "P < 005 Mann-Whitney u test 

S2J?° ^VlZs? ^T' f0rmCd 7r Group D mice, which were treated with bom aspirin and 

reduced most markedly in the group which received the fish oil had significaQt] elevaled levels of J h (a+1) 

combmauon of aspinn and fish oil, and the lipid staining was TGF-beta (+50%) and active TGF-beta (+33%) in the vessel 

confined to a region close to the internal elastic lamina. As waU compared with the control mice. The synergism of the 

a result, the lesions coalesced and the number of separate 6 5 effects of these drugs on the amount of active TGF-beta in 

lesions decreased even where the total area staining for lipid the vessel wall is consistent with the proposed different 

accumulation was unchanged. mechanisms of action for the two drugs. Taken with the 
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results showri in Table 4, an increase in level of active 
TGF-beia in apo(E)-/- mice correlates with a decrease in 

lesion number and area. 

Simvastatin treated mice (Group F) showed no difference Group 
intheamountsof(a+l)TGF-betaandactiveTGF-betainlhe 5 E 
vessel wall. Thus, in the apoE knockout mouse, any ben- F 

eficial effects of simvastatin are unlikely to be attributed to ~ 7Z 

elevation of TGF-beta activity. Similarly, any beneficial <V <005 Mann-' 
effects of the aspirin plus fish oil therapy on the lipoprotein 
profile are unlikely to have contributed to the therapeutic 10 
reduction in lesion area by this therapy. 

In summary, agents that elevate TGF-beta activity in the 
vessel wall reduce or inhibit Upid lesion development in 
mouse aorta, while agents which do not affect TGF-beta 
activity are ineffective (Table 6). Furthermore, the statistical 15 .... & . 
correlation between the magnitude of TGF-beta activity 



elevation and lesion area inhibition is very marked, suggest- Active TOf 
ing that the greater increase in vessel wall TGF-beta activity SMa ac,il 



TGF-beta 



s achieved, the greater the inhibition of lesion 
development. This correlation provides powerful evidence 20 
supporting the role of TGF-beta activity in mediating the 
"*""''"'e activity of both tamoxifen, and aspirin and 



"p <O.00Ol 



•Statistically significant, p < 0.00], Pearson's R correlation, r m 0.73 

The effects of these treatments on the cellular changes 
associated with lesion formation, marked by the accumula- 
tion of osteopontin and loss of smooth muscle a-actin 
(SM-a-actin) in the vessel wall, which has been shown to be 
characteristic of lesion formation in man and animal models 
of atherosclerosis, was also examined. SM-a-actin and 
osteopontin were measured by quantitative immunofluores- 
cence microscopy using specific primary antibodies A-6125 
(Sigma) and MBPlllBio (NIH Developmental Studies 
Hybridoma Bank), respectively. 

As lipid lesions developed over 3 months on a normal 
mouse chow diet, staining for SM-a-actin decreased (-36%; 
p<0.01; n-10; Mann-Whitney U test), while staining for 
osteopontin increased (+150%; p<0.01; n=10; Mann- 
Whitney U test). Of the treatments used in this study, only 
the combination of fish oil and aspirin abolished the loss of 
SM-u-actin and the accumulation of osteopontin (Table 7), 
consistent with the observation that this was the only treat- 
ment regimen which significantly reduced lipid accumula- 
tion into the vessel wall. The increase in SMa actin in mice 
treated with fish oil or fish oil plus aspirin is consistent with 
the observed increase in SMa actin in apo(E)-/- mice treated 
withTMX. 

TABLE 7 



As shown by the correlations of data from Groups A-F 

25 summarized in Table 8, an increase in the level of active 
TGF-beta correlates with an increase in SMa actin expres- 
sion. This result is consistent with the hypothesis that active 
TGF-beta regulates smooth muscle cell differentiation in 
vivo. Moreover, active TGF-beta, but not active plus latent 

30 TGF-beta, negatively correlates with lesion area, suggesting 
that active TGF-beta protects against lesion development. 

The effect of each treatment on the lipid profile of each 
group of mice was determined by measuring the cholesterol 
and triglyceride. Blood from a terminal bleed was collected 

35 in a polypropylene tube, allowed to clot at room temperature 
for 2 hours and then spun (l,000xg; 5 minutes). The serum 
supernatant was aliquoled and stored at -20" C. until 
assayed. Total cholesterol and total triglycerides were deter- 
mined for each mouse using the cholesterol oxidase and 

40 glycerol kinase UV end-point enzymatic methods respec- 
tively (Sigma Diagnostics). For determination of the lipo- 
protein profile, 100 /A of serum from every mouse in each 
group was pooled (a total of 1 ml serum for each group) and 
the lipoprotein fraction was separated by density gradient 

45 ultracentrifugation. The lipoprotein fraction was then further 
separated by gel filtration FPLC chromatography on a 
Sepharose 6B column, and the elution positions of the 
lipoprotein particles were detected by measuring cholesterol 
(by the cholesterol oxidase enzymatic method) in each 

50 fraction. VLDL particles eluted in fractions 1-10, LDL in 
fractions 11-20 and HDL in fractions after 20. 

Treatment of the mice with aspirin for three months had 
no effect on total plasma cholesterol or on the lipoprotein 
profile (Table 8). Mice treated with diets containing fish oil 

55 (with or without aspirin) had similar total plasma cholesterol 
and triglyceride concentrations to control mice, although 
there was a small reduction in the concentration of both 
VLDL-cholesterol (-16%) and LDL-cholesterol (-12%) 
and an increase in HDL-cholesterol (+10%). Consistent with 

60 the effects of dietary supplementation with fish oil in man, 
a decrease in cholesterol, primarily in the VLDL fraction, in 
apoE knockout mice treated with fish oil was observed. 

There was a significant reduction in total plasma choles- 
terol in apoE knockout mice treated with simvastatin (-27%; 

65 p<0.01; n-10; Students unpaired t-test). Much of this reduc- 
tion occurred in the VLDL fraction (-14%) and LDL frac- 
tion (-41%X with an increase in HDL-cholesterol. In 
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contrast, TMX lowered VLDL by seven fold and is a much 
more powerful Iipid-lowering agent in the apo(E)-/- mouse 
than simvastatin. Simvastatin also caused a significant 
reduction in total plasma triglyceride concentration (-12%). 
Consequently, for all lipoprotein parameters measured, sim- : 
vastatin had a significantly more beneficial effect than 
aspirin and fish oil either alone or in combination. 



58 

lipoprotein profile than the other tr 
nificanlly reduce lipid lesion formation. Since there is a 
significant correlation between increase in TGF-bela activity 
and decrease in lipid lesion formation for all the therapies 
(r=0.909; p<0.001), it can be concluded that elevation in 
TGF-beta activity is likely to be involved in the mechanism 
by which these agents reduce lesion formation in mammals. 



TABLE 9 



Group A Group B Group C Orau p D Group E Group F 

Total cholesterol (mg/dl) n.d. 306 ± 31 282 * 28 273 ± J9 266 ± 25 224 t 29" 

Total triglyceride (mg/dl) n.d. 302 * 28 320 * 19 308 ± 25 296 * 33 266 * 14" 

VLDL-cholesterol (mg/dl) n.d. 184 179 157 151 158 

LDL-choleslerol (mg/dl) n.d. 92 89 91 88 54 

HDL-cholesteroI (mg/dl) n.d. 30 26 32 33 35 



**p < 0.001; Mann-Whitney U lest 
n.d. - not determined. 

A single measurement of the lipoprotein profile was made on blood pooled from all the mice in (he 



Moreover, the percentage of TGF-beta sequestered in 
VLDL in Groups B-F and C57B16 mice, which were fed a 
high fat diet, showed that lipid sequestration of active 
TGF-beta was not a major mechanism of the inhibition of 
TGF-beta activity in apo(E)-/- mice. 

In summary, aspirin and fish oil act synergistically to 
reduce aortic lipid lesion development in a mouse model of 
severe atherosclerosis. While aspirin or fish oil alone 
reduced the development of vascular lipid lesions in apoE 
knockout mice over a three month treatment period, a 
combination of aspirin plus fish oil therapy resulted in a 
greater reduction (22%) in lesion formation. If low dose 
aspirin therapy and dietary supplementation with fish oil 
differ in their mechanism of action, then their cardioprotec- 
tive effects would be expected to be additive. However, the 
results described hereinabove provide evidence that the 
combination of aspirin and fish oil exerts a markedly syn- 
ergistic effect. Thus, a combination of low dose aspirin and 
fish oil therapy can be very useful in cardiovascular disease 
prevention. Moreover, because fish oil is not a very effective 
VLDL lowering agent, more powerful VLDL lowering 
agents, such as TMX, can be employed in combination 
therapies with aspirin, aspirinate salts to result in more 
beneficial cardiovascular effects. 

Consistent with data in humans, aspirin increases the level 
of latent TGF-beta, but not the amount of active TGF-beta, 
in the vessel wall of apo(E)-/- mice. Also consistent with 
data in humans, fish oil lowers VLDL, which results in lower 
levels of PAI-1 and an increase in the levels of active 
TGF-beta which are available for TGF-beta receptor bind- 
ing. 

Previously, tamoxifen treatment has been demonstrated to 
elevate TGF-beta activity and suppress lipid lesion forma- 
tion in several transgenic mouse models of atherosclerosis 
(Grainger et al.). However, tamoxifen has a variety of other 
effects, including reducing total plasma cholesterol and 
inducing some weight loss, which may have contributed to 
the observed reduction in lesion development. As a result, it 
could not be concluded that elevating TGF-beta activity 
reduced lesion formation. In contrast, the study described 
hereinabove employed agents which elevate TGF-beta activ- 
ity and which do not affect body weight and have much 
smaller effects on lipoprotein metabolism. Furthermore, 
simvastatin, which has a larger beneficial effect on the 



EXAMPLE VII 

Use of Therapeutic Agents of the Invention to 

25 Prevent Autoimmune Disorders 

The therapeutic agents of the invention are also useful to 
prevent or treat other indications associated with TGF-beta, 
e.g., pathologies which result from a pathological inflam- 

30 mation reaction caused by the recognition of self-antigens 
("autoimmune disorders"). Indications associated with 
pathological inflammation reactions include, but are not 
limited to, rheumatoid arthritis, multiple sclerosis and late- 
onset diabetes. The recruitment and activation of both 

35 autoreactive T cells and other inflammatory cells to the 
developing lesion contributes to both the chronic tissue 
damage and the acute symptoms of autoimmune disorders. 
Agents which reduce or prevent immune cell recruitment 
and/or activation may ameliorate both the painful symptoms 

40 associated with the disorder and the progressive destruction 
of the target tissue. 

Current treatments for autoimmune disorders include the 
administration of anti-inflammatory steroids and steroid- 
mimetic drugs, such as dexamethasone, to reduce recruit- 

45 ment and activation of the immune cells in the developing 
lesions. These drugs act by binding to the glucocorticoid 
receptor (GR) which leads to the association of the GR with 
elements of the NFkB transcription factor complex. When 
the GR interacts with the NFkB complex, pro-inflammatory 

so cytokines are inhibited. The binding of the steroids to the GR 
also results in the activation of GR. Activated GR is a 
nuclear transcription factor. Thus, a set of genes are acti- 
vated in response to the binding of a steroid or steroid- 
mimetic drug to GR. This pathway is illustrated in FIG. 12. 

55 However, steroids and steroid-mimetic drugs cannot be used 
chronically to slow the progression of autoimmune diseases 
because they have an undesirable profile of side effects. 
Many or all of these side effects result from the direct 
activation of the GR as a transcription factor. 

60 Thus, agents which modulate the interaction of the estro- 
gen receptor (ER) with the NFKB transcriptional complex 
("ER/NFkB modulators") without activating GR are useful 
to prevent or treat conditions characterized by the recruit- 
ment of autoreactive immune cells into tissue and the 

65 subsequent damage or destruction of that tissue by chronic 
inflammation. Preferred ER/NFkB modulators include 
idoxifene, raloxifene, droloxifene, toremifene, and 
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tamoxifen, as well as functional equivalents, analogs or Human SMC lysates were treated with a large excess of 

derivatives thereof. These agents also inhibit or reduce antibody directed against the human ER protein. After 

S^'^ 3 mediated NFkB activation. Moreover, as rotating overnight at 4° C, the antibody:anligen complex 

EK/NFkB modulators are not characterized by the undesir- was precipitated by addition of 20 /d/ml protein A/G agarose 

able side effect profile of GR/NFkB modulators at the doses 5 and cenlrifuged for 5 minutes at 4° C. The supernatant was 

used to treat autoimmune disorders, they are therefore treated similarly, until no further ER protein could be 

amenable to chronic use in the prevention or treatment of detected in the precipitated fraction. At concentrations of 

autoimmune disorders. 3 H-TMX below 50 nM (when the contribution by the low 

When cells which have NFkB activity, such as human affinity site C should be negligible), all of the 3 H-TMX 

smooth muscle cells (SMCs), were cultured in the presence . binding sites were removed by treatment with the antibody 

of 20% fetal calf serum (FCS) in Dulbcceo's modification of directed against the human ER. Thus, both sites A and B (the 

Eagles' Medium (DMEM), more than 95% of NFkB was high affinity sites) contain either the human ER or a protein 

present in the cytoplasm, as determined by immunostaining which contains an epitope conserved with the human ER. It 

for p65. When the cells were incubated with a pro- is very likely that both TMX binding complexes contain the 

inflammatory cytokine (recombinant human TNF-alpha at ER. 

20 ng/ml) for 6 hours at 37° C, >80% of the NFkB was 1S To determine whether any ER protein in human VSMCs 

translocated to the nucleus. In cells which had been trans- was complexed with other proteins, human SMCs cultured 

fected with a reporter construct which has three consensus in DMEM+20% FCS were grown overnight in methionine- 

kB DNA elements fused to the luciferase gene, the amount free DMEM+20% dialyzed FCS, then incubated with 50 

ot light which was produced when the cell lysate was fiCijml 35 S-labeled methionine in melhionine-free DMEM+ 
exposed to luciferin and ATP was proportional to NFKB *> 20% dialyzed FCS for 6 hours. Total cell lysates were 

activity. Treatment of human SMCs for 6 hours with 20 prepared from the labeled cells and immunoprecipitated 

ng/ml TGF-alpha resulted in a 19-fold increase in NFkB with antibodies to ER. The immunoprecipitated proteins 

activity, consistent with the translocation of the NFkB were then analyzed by SDS gel electrophoresis and autora- 

complex to the nucleus. diography. As expected, a band at 88 kDa corresponding to 

In contrast, when human SMCs were treated with 25 the ER protein was detected. Additionally, a band at 92 kDa 

tamoxifen, NFkB remained in the cytoplasm and there was was detected. Subsequent Western blotting determined that 

no detectable change in NFkB activity. When the human the 92 kDa band was the heat shock protein hsp90, which 

SMCs were incubated simultaneously with TNF-alpha (20 has been shown to be associated with ER in the cytoplasm, 

ng/ml) and tamoxifen (5 ^M), less than 10% of the NFkB A third protein was also efficiently immunoprecipitated with 

was translocated to the nucleus and NFKB activity was 30 the ER. This third protein migrated at 37-40 kDa. Since it 

stimulated by less thao 3 fold. At this concentration, tamox- has been shown that the GR steroid receptor interacts with 

ifen (TMX) inhibits TNF-alpha-induced NFkB activity by NFkB transcription factor complexes, the 37-40 kDa protein 

86*12%. was analyzed by Western blotting with antibodies directed 

Binding of tritium-labeled tamoxifen ( 3 H-TMX) was used against IkB-alpha. Human IkB-alpha has been reported to 

to determine the affinity and number of binding sites for 35 migrate as a 37 kDa protein. These experiments confirmed 

TMX in total cell lysates prepared from human VSMCs. 'hat human IkB-alpha forms complexes with human ER 

Scatchard analysis of the binding of 3 H TMX revealed the either as a ternary complex with hsp90 or with human ER 

presence of at least 3 distinct binding sites present at >1000 alone. 

binding sites per cell. Site A had an affinity of 19 nM and was Whole cell lysates from human SMCs were treated with 

present at 4000 binding sites per cell. Site B had an affinity 40 antibody to IkB-alpha until no further IkB-alpha was found 

of 40 nM and was present at 9000 binding sites per cell and in the precipitated fraction. The supernatant had about 50% 

site C had an affinity of 3 pM and was present at 100,000 of the binding sites for 3 H-TMX present in the original 

binding sites per cell. These results are consistent with Site lysate, while immunoprecipitalion with non-immune anti- 

B being the free human ER protein. It is likely that the higher serum did not reduce the number of TMX binding sites by 

affinity site A also contained the ER as it was efficiently 45 more than 5%. Therefore, the three TMX binding sites in 

immunoprecipitated by monoclonal antibodies directed human SMC cell lysates are human serum albumin, a 

against the human ER protein. complex containing ER and IkB-alpha, and a complex 

To identify other targets of TMX, an analog of containing ER but not IkB-alpha. 

4-iodotamoxifen was covalently coupled to agarose and Because ER interacts with NFkB transcription factor 

used to affinity purify antiestrogen binding proteins from 50 complexes in a similar manner to that for GR, agents which 

total cell lysates prepared from human SMCs. Bound modulate ER/NFkB interaction should modulate the inflam- 

tamoxifen-binding proteins were eluted with the water- matory response without activating GR. To test this 

soluble quaternary tamoxifen salt N-methyl tamoxifen hypothesis, SMCs in DMEM+10% FCS were transfected 

iodide. The eluting salt was removed by dialysis against with a vector comprising the MMTV LTR promoter coupled 

Amberlite resin in phosphate buffer which irreversibly binds 55 to the chloramphenicol acetyl transferase (CAT) gene and 

N-melhyl tamoxifen. The affinity purified proteins were the neomycin resistance gene (neo).Astably transfected line 

separated further by MonoQ ion exchange chromatography was selected using geneticin. When these cells were treated 

and fractions were assayed for 3 H-TMX binding. Three with dexamethasone, expression of the CAT gene was 

peaks of protein associated with TMX-binding activity were elevated 3.7±0.7 fold. Treatment of these cells with concen- 

identified. Peak I had an affinity of about 1 ^M and may 60 trations of TNF-alpha (up to 100 ng/ml), tamoxifen (up to 10 

correspond to site C. Further purification of this protein by /<M) or both agents together, did not stimulate expression of 

gel filtration chromatography and gel electrophoresis the CAT gene by more than 10%. Thus, ER/NFkB modu- 

allowed a molecular identification of the protein by lators would be expected to circumvent the undesirable 

N-terminal sequence analysis as human serum albumin. The side-effect profile associated with direct transcriptional acli- 

amount of protein in the other two peaks of activity was less «5 vation by GR. 

than the amount necessary to allow molecular characteriza- Tamoxifen may also upregulate expression of TGF-beta 

tion of these proteins. through its interaction with the NFkB transcription factor 
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complex, as suggested by the following observations. (1) carbonate buffer (pH 9), then washed, and non-specific 

The p68 RelB knockout mouse has a pbenolype similar to binding blocked using 5% Tween-20 in 5% sucrose in water, 

the TGF-beta knockout mouse, suggesting that RelB may be containing 0.02% sodium azide (TSAblock). Various serum 

important in the upregulation of TGF-beta that normally and plasma samples were then incubated with the coated 

turns off acute inflammation, and (2) the kB-like element in 5 wells for 2 hours at room temperature with shaking, 

the rat TGF-beta-1 promoter is implicated in the tamoxifen- Unbound serum components were washed off using TBS 

induced stimulation of TGF-beta expression. Thus, it is P Ius 005 % Tween-20 with four washing cycles ensuring 

likely that a second consequence of ER/NFkB modulation complete aspiration of the well between each cycle. Any 

by these agents is upregulation of TGF-beta expression. It is bound human immunoglobulin was then detected by adding 

well known that TGF-beta has anti-inflammatory and 10 anti - h . uma n-IgG antibodies coupled to horseradish peroxi- 

immune -suppressive functions. Thus, the induction of TGF- 6 , ln T^-*"^™^ 006 h ° Ur " B ° UDd P eroxidase was 



beta by ER/NFkB modulating agents may act to synergis- visua | lzed ™8 ™B substrate. All normal sera tested 

lically reduce inflammation 'S?,^ delec,ai > Ie levels of IgG antibodies binding to 

Prir pn/wptR m „ ri „, , . .. , sRII. This signal was eliminated by omitting any one of: sRII 

For ER/NFlcB modulators, such as idoxifene, several antigen, serum or anti-human-lgG peroxidase. Thisconfirms 

exemplary dosing regimens are contemplated depending is the presence of high affinity autoantibodies directed against 

upon the particular autoimmune disease being treated and the extracellular domain of the human type II TGF-B recep- 

the stage to which the condition has progressed. For the tor. 

treatment of incipient or early stage rheumatoid arthritis, It was also determined that human sera from normal 

when inflammation is evident but tissue damage is minimal, healthy individuals does not contain autoantibodies against 

a low chronic oral dose of about 0.05 to about 10, preferably 20 a wide variety of other human proteins, including, but not 

about 0.1 mg/kg/day, is employed. For local delivery, it is limited to, fibrinogen, factor II, compliment C4, apolipo- 

preferred that about 0.01 to about 1000 microgram per ml is protein (a), collagen type I, III and IV or the extracellular 

administered, followed by chronic low dose oral delivery. domain of the human IL-10 receptor (a receptor expressed 

When the disease progression is more severe, it is contem- on endothelial cells). This data suggests that in normal 

plated that a large loading dose, e.g., in the range of about 25 humans there is a relatively specific autoimmune response to 

10 to about 100 mg/kg, is used to rapidly establish a 'he TGFp 1 type II receptor extracellular domain, 

therapeutic level of the ER/NFkB modulator in the Antibodies of the IgD class against sRII are also present 

circulation, followed by low chronic oral doses. in normal human serum. Although there may be antibodies 

For the treatment of multiple sclerosis, an exemplary dose of the IgM class, interference from rheumatoid factor (IgM 

regimen is a single pre-loading dose, e.g., between about 10 30 directed against IgG) cannot be excluded at this time, 

to about 100 mg/kg, to establish a therapeutically effective Analysis of the anti-sRII IgG using IgG sub-class specific 

amount of ER/NFkB modulator in the circulation, followed detection antisera has demonstrated that the majority of IgG 

by a dose of about 0.1 to about 20, preferably about OS to reacting with sRII in normal human serum is of the IgG2 

about 5, mg/kg/day. sub-class. Thus, to measure antibodies against sRII, ELISA 

ER/NFkB modulators that act to reduce or inhibit patho 35 P late wells are wilh recombinant or purified human 

logical inflammation associated with autoimmune disorders sR " or an immunogenic portion thereof. Wells are blocked 

can be identified by the methods described hereinabove. against non-specific binding using a blocking agent for the 

Specifically, the agents may be identified by their ability to particular sample type, e.g. for serum analysis, a TCA block, 

bind to NFkB/ER complexes, to inhibit NFkB activation Serum is added to the well, preferably undiluted and 

induced by TNF-alpha and/or other pro-inflammatory 40 unlle ated. Plasma or other bodily fluids may also be used, 

cytokines, and to prevent activation of autoreactive T Iym- ^ weUs are washed to remove unbound components and 

phocytes. the bound anti-sRII Ig is delected using an appropriate 

EXAMPI F VTII anti-human Ig antiserum, labeled for detection. 

AAMFLfc V1J1 Because the assay does not determine absolute levels of 

Effects of the Therapeutic Agents on Cholesterol 45 antibody, the signal is referenced to a large pool of normal 

Levels serum (PNS). Astandard curve is constructed for each assay 

Twenty six patients with high cholesterol were adminis- "f* «q»ential dilutions of PNS. PNS is arbitrarily desig- 

tered simvastatin for 1 6 weeks. Blood was collected at six " ated 10 have 100 un,ls of anll - sR " ^ 

times points during the 16 weeks and analyzed for TGF-beta 50 

levels. While serum cholesterol levels were reduced in these _____ 

patients, there was no effect on TGF-beta levels in any of the ~ Resull5 . 

patients. In contrast, some of the patients participating in a — : 

trial in which tamoxifen, a tamoxifen analog, or placebo, 

was administered, showed significant decreases in choles- 5 
terol levels. Therefore, a combination of one of the thera- 
peutic agents of the invention and an agent which lowers 
serum cholesterol levels may exert a synergistic effect and 
thus, may be useful in the practice in the methods of the 



I. Moreover, therapeutic agents of the invention 60 A result of <50 units on the detection of human pan IgG 

alone may be useful to lower serum cholesterol levels. indicates the presence of atherosclerosis, with high sensi- 

EXAMPLE IX tiviiy (>95%) and probably similar specificity. However, it is 

A«»„ f™ m„«„ ■ 17 a i' dit . u-j ■ envisioned that the detection of other classes or subclasses, 

Assay for Measunng Free Anf-sRII anl.body ,n IgG2 , m3y be ^ t0 de(e<;l diseases characteriz6d b * 

Human Serum 6S endothelia i reU acl jvation, or a specific disease. 

Recombinant sRII was coated onto the bottom of high Body fluids that contain detectable levels of immunoglo- 

protein binding ELISA plates for two hours in 50 mM bulin may be used, e.g., plasma or serum. Samples can be 
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fresh or frozen. The anti-sRII Ig are stable over time for a 
given individual (intraperson variation on a 3-month time 
scale is <10% of the interperson variation). Accurate diag- 
nosis can therefore be achieved on single sample from a 
given individual. Moreover, the Ig are stable to multiple ; 
cycles of freeze thawing and to long storage times at -20° 
C. However, the assay is still subject to capture interference 
by subclass or classes of immunoglobulin not otherwise 
detected. For example, when using anti-human- IgG perioxi- 
dase as the detection antiserum, the assay may detect little l 
or no IgG against sRII because of the presence of large 
amounts of IgD against sRII occupying all the available 
antigen sites. 

The levels of anti-sRII-IgG in serum and plasma samples 
derived from individuals with severe coronary 1 
atherosclerosis, defined by coronary angiography and indi- 
viduals with normal coronary angiograms, were measured. 
Patients with atherosclerosis (TVD patients) had approxi- 
mately a five fold lower median concentration of anti-sRII- 
IgG compared with individuals with normal coronary arler- 2 
ies (NCA individuals). The absolute amount of sRII IgG 
could not readily be determined, but the relative amounts 
compared with pooled normal serum could be determined by 
running various dilutions of pooled normal serum as a 
standard curve with each assay. In all cases a standard 2 
pooled serum was used and this serum was arbitrarily 
designated to have 100 units of anli-sRH IgG. 

Based on this standardization, the median concentration 
of anli sill IgG among 100 individuals with coronary 
atherosclerosis was 14.6 units, compared with 84.9 units 3 
among the individuals with normal coronary arteries. This 
difference was highly statistically significant (p<0.001; 
Mann-Whitney U-test). The detection limit for the ELISA as 
performed under these conditions was approximately 10 
units of anti-sRII-IgG. As a consequence, fully 40% of the 3 
patients with atherosclerosis had levels at or below the 
detection limit of the assay, whereas all of the individuals 
with normal coronary arteries had detectable levels. The 
sensitivity and specificity of this test are estimated to be 
greater than 90%. As a result, measurement of anti-sRII IgG 4 
using this assay has far greater diagnostic potential than any 
existing plasma or serum biochemical marker for coronary 
heart disease. 

This method can conveniently be used to diagnosis the 
presence of the disease (e.g. athrosclerosis), determine the 4 
extent of disease, evaluate prognosis (i.e, determine future 
risk prior to onset of symptoms), or to monitor the effec- 



and one mechanism which might contribute to this switch 
would be shedding of sRII from endothelial cells as they 
become activated (MacCaflrey el al. J Clin. Invest. 1996, 
2667-2675). Thus, plasma concentrations of sRII may be a 
direct measure of the state of endothelial cell activation 
(related, for example, to functional tests of endothelial cells 
function, e.g., brachial reactivity). Since the presence of sRII 
is expected to reduce detection of any anti-sRII-IgG present 
in the plasma (by forming complexes with it), the level of 
anti-sRII-IgG would be a proxy measure for levels sRII 
antigen (i.e., low levels of anti-sRII-IgG result from high 
levels of sRII antigen, resulting, in turn, from endothelial 
cell activation). Thus, this assay represents the first useful 
plasma measure of endothelial cell function, and thus, is a 
measure of an individual at risk of or having a disease 
characterized by endothelial cell activation. Moreover, the 
assay offers many advantages over the low throughput 
endothelial cell function assays such as brachial reactivity 
currently being used. 

In addition to the assay described above, the metholod- 
ology described herein can also be utilized to carry out the 
following assays: 



(a) Detection of free SRII 

(b) Detection of sRII:anii-sRH High level <& 
complexes very severe atherosclerosis 

(c) Detection of total sRII Diagnostic of cclem of endothelial cell 



The suppressed levels of anti-sRII IgG in plasma and 50 
serum from individuals with atherosclerosis may be due to 
(a) lower levels of anti-sRII IgG, which assumes that lower 
detection of anti-sRII IgG results from the presence of lower 
levels of the IgG; (b) increased levels of anti-sRII IgD, or 
other non IgG classes, as the assays are subject to inhibition 55 
by non-IgG class anti-sRII antibodies; or (c) increased levels 
of sRII antigen. The sRII antigen which is normally 
expressed on endothelial cells may be shed during pheno- 
typic changes in endothelial cell gene expression pattern, 
e.g., during activation, a process thought to occur in athcro- 60 
genesis. sRII in plasma would then form complexes with the 
anti-sRII antibodies and make them more difficult to detect. 
As a result, lower levels of anti-sRII IgG would be detect- 
able in individuals with increased endothelial cell activation. 

MacCaflrey and colleagues have reported a switch from 65 
expression of TGF-P type II receptor to TGF-p type I 
receptor during the development of atherosclerosis in man, 



The methodology described herein can also be used to 
determine the level (e.g. the relative presence or absence) of 
TGF-p type II receptors (e.g. the extracellular domain of the 
TGF-p type II receptor) in mammalian cells or tissue. 
Endothelial cells are believed to shed the extracellular 
domain of the TGF-D type II receptor during activation, and 
there is believed to be a correlation between endothelial cell 
aclivalion and alherogenesis, as well as other diseases. 
Accordingly, the invention also provides a method compris- 
ing detecting TGF-P type II receptors in mammalian cells or 
tissue, by combining the cells or tissue with a capture moiety 
that binds TGF-P type II receptors or a portion thereof, 
forming a capture complex, and detecting or determining the 
amount of the capture complex. 

All publications and patents are incorporated by reference 
herein, as though individually incorporated by reference, as 
long as they are not inconsistent with the present disclosure. 
The invention is not limited to the exact details shown and 
should be understood that many variations 
may be made while remaining within the 
spirit and scope of the invention defined by the claims. 

What is claimed is: 

1. A therapeutic method for preventing or treating a 
condition or symptom associated with Marian's syndrome, 
fibrosis, or senile dementia, comprising administering to a 
mammal in need of such therapy, an effective amount of a 
compound of formula VI: 
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R 6 is (Q-C^alkyl, or aryl, optionally substituted by 1, 2, 
or 3 V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
is (Cj-C^alkyl, haloCCj-C^alkyl, (C 3 -C 6 ) 
cycloalkyl, (Cj-C^alkylcycloCC.-C^alkyl, (C,-C 6 ) 1 
cycloalkenyl, or (Cj-C^alkyl^-C^ycloalkenyl; 

R s is hydrogen or phenyl, optionally substituted by 1, 2, 
or3V; 

R 9 is hydrogen, halo, aryl, aryl(C 1 -C 3 )alkyl, halo 21 
(Cj-C^alkyl, cyanofCj-QJalkyl, or (Q-C^alkyl, 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 

— is a single bond or is — C(BXD)— , wherein B and D 
are each independently hydrogen, (C,-C s )alkyl, or 2 

V is OP0 3 H 2 , (C,-C s )alkyl, (C.-C^alkoxy, mercapto, 
(Cj-C^alkylthio, halo, trifiuoromethyl, 
pentafluoroethyl, nitro, N(R n )(RJ, cyano, 
Irifluoromelhoxy, pentafluoroethoxy, benzoyl, hydroxy, 
— {CH a ) 0 . 4 q=O)(C,-C 6 )alkyl, — UCX^OXCj-Cg) 
alkyl, benzyl, — OSO,(CH 2 ) 04 CH 3 , 
— UCCH^COOR^,, — (CHJ^COOR,,, — U(CH 2 ) 2 4 
OR,, -(CH 2 ) 0 _ 4 OR,„ — U(CH 2 ), 4 C(=0)R t , , 

Hau 0 ,c(=o)R fa -^ayji, -(ch^r* ~ 

or — U(CH 2 ) M OC(=0)R^ wherein U is 0, N(RJ, or 

Z is — — O— — OCH 2 — , — CH 2 0— , 
— C(=0)0— , — N(R q y, C=0, or a covalent bond; 4, 

R* is amino, optionally substituted with one or two 
(Ci-C 6 )alkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(Rj), S, or nonperoxide O, 
wherein R a is H (Cj-CJalkyl, phenyl, or benzyl; 

R„ and R 0 are independently hydrogen, (Q-CJalkyl, 4 
phenyl, benzyl, or (Q-QJalkanoyl; or R„ and R„ 
together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

R^isHor(C,-C e )aIkyl;and 

R m and R ? are independently hydrogen, (C,-C a )alkyl, "' 

phenyl, benzyl, or (Cj-C s )alkanoyl; 
the compound is MER25; 
or a pharmaceutical^/ acceptable salt thereof. 
2. A therapeutic method for preventing or treating a 5 



wherein 

R 6 is (Cj-C^alkyl, or aryl, optionally substituted by 1, 2, 
or3V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
is (C,-C 12 )alkyl, halo(Cj-C 12 )alkyl, (C 3 -C 6 ) 
cycloalkyl, (Q-C^alkylcycloCQ-C^lkyl, (C3-Q) 
cycloalkenyl, or (Q-CJalkyXQ-C^cycloalkenyl; 

R 8 is hydrogen or phenyl, optionally substituted by 1, 2, 
or 3 V; 

J R 9 is hydrogen, halo, aryl, arylfCj-C^alkyl, halo 
(C,-C 12 )alkyl, cyanofCj-C^alkyl, or (Cj-C^alkyl, 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 

— is a single bond or is — C(B)(D)— , wherein B and D 
5 are each independently hydrogen, (Ci-C 6 )alkyl, or 
halo; 

V is OP0 3 H 2 , (C,-C 6 )alkyl, (Cj-C^alkoxy, mercapto, 
(Cj-CJalkylthio, halo, trifiuoromethyl, 
pentafluoroethyl, nitro, N(R„)(R <) ), cyano, 
3 trifluoromethoxy, pentafluoroethoxy, benzoyl, hydroxy, 
-(CH^q^OXQ-C^alkyl, — UOf=-OXC,-Q 
alkyl, benzyl, — OS0 2 (CH 2 )o_ 4 CH 3 , — U(CH 2 ) 3 4 
COOR^,, — (CH 2 ) 0 _ 4 COOR p , —U(CH 2 ) 2 4 OR_, 
— (CH^OR^ — U(CH 2 ),. 4 C(=0)R i , -(CH^C 
5 (=0)R t , — U(CH 2 ) 1 . 4 R t , — (CH 2 ) 0 4 R i , or 
— U(CH 2 ) 2 . 4 OC(==0)R p ; wherein U is O, N(R,„), or S; 

Z is — (CH 2 ) 13 — , —O—, — OCH 2 — , — CH 2 0— , 
— C(=0)O— , — N(R ? )— , <^=0, or a covalent bond; 

R» is amino, optionally substituted with one or two 
5 (C,-C 6 )alkyl; or an N-helerocyclic ring optionally con- 
taining 1 or 2 additional N(Rj), S, or nonperoxide O, 
wherein Rj is H (C,-C 6 )alkyl, phenyl, or benzyl; 

R„ and R 0 are independently hydrogen, (Cj-C 6 )alkyl, 
phenyl, benzyl, or (A-C^atkanoyl; or R„ and R„ 
5 together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

R„ is H or (Cj-C^alkyk and 

R,„ and R q are independently hydrogen, (C,-C 6 )alkyl, 
phenyl, benzyl, or (Cj-C s )alkanoyl; 
- 1 the compound is MER25; 

or a pharmaceutical^ acceptable salt thereof. 

3. A therapeutic method for preventing or treating a 



therapy, an effective amount of a compound of formula VI: 



X 



therapy, an effective amount of a compound of formula VI: 



wherein 

R 6 is (Cj-C^alkyl, or aryl, optionally substituted by 1, 2, 
or 3 V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
is (C 1 -C zl )alkyl, halo(C 1 -C 12 )alkyl, (C 3 -C 6 ) 
cycloalkyl, (C.-C^alkylcycKGj-CJalkyl, (C 3 -C 6 ) 
cycloalkenyl, or (Cj-C^alkyKC^-CJcycloalkenyl; 

R 8 is hydrogen or phenyl, optionally substituted by 1, 2, 
or3V; 

R 9 is hydrogen, halo, aryl arylCCj-C^alkyl, halofC,— 
C 12 )alkyl, cyanoCQ-C^alkyl, or (Cj-C.^alkyl, 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 
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— is a single bond or is — C(BXD)— , wherein B and D 
are each independently hydrogen, (C,-C s )alkyl, or 
halo; 

V is OP0 3 H 2 , (C n -Q)alkyL (C 3 -C 6 )alkoxy, mercapto, 
(Cj-C 4 )alkylthio, balo, trifluoromethyl, - s 
pentafluoroethyl, nitro, N(R„)(R 0 ), cyano, 
trifluoromelhoxy, penlafluoroethoxy, benzoyl, hydroxy, 
-(CH 2 ) 0 . 4 C(=O)(C 1 -C 6 )alkyl, — UCfr=OXC a -<y 
alkyl, benzyl, — OSO 2 (CH 2 ) 0 . 4 CH 3 , — UfCH^.., 
COOR -<CH 2 ) 0 . 4 CO0R„, -U(CH 2 ) 2 . 4 0R J> , 10 
-(CH^OR,, -UCOy^C^OJR,, -(CH 2 ) 0 . 4 C 
(=0)R t , — UfCH^^R*, — (CH 2 ) 0 4 R t , or 
— U(CH 2 ) 2 . 4 OC(=0)R p ; wherein U is O, N(R J, or S; 

Z is —(CH^—, — O— , — OCH 2 — , — CH 2 0— , 
— C(=0)0— , — N(R,)— , C=0, or a covalent bond; 15 

R k is amino, optionally substituted with one or two 
(Cj-Cgjalkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N^), S, or nonperoxide O, 
wherein R 3 is HfCj-C^alkyl, phenyl, or benzyl; 2Q 

R„ and R„ are independently hydrogen, (Q-C^lkyl, 
phenyl, benzyl, or (Q-C^alkanoyl; or R„ and R 0 , 
together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

RpisHor^-C^alkyljaQd 25 

R,„ and R ? are independently hydrogen, (C,-C s )alkyl, 
phenyl, benzyl, or (Cj-C 6 )alkanoyl; 

the compound is MER25; 

or a pharmaceutical^ acceptable salt thereof; J0 
provided the compound of formula VI is not toremifene, 
tamoxifen, raonophenoltamoxifen, 
4-hydroxyloremifcne, clomifene, 4-hydroxytamoxifen, 
3-hydroxy tamoxifen, N-desmethyltamoxifen, 
cyanotamoxifen, N-desmethylloremifene, 35 
monophenoltoremifene, or deaminotoremifene. 
4. A therapeutic method for preventing or treating a 
condition or symptom associated with an autoimmune dis- 
ease comprising administering to a mammal in need of such 
therapy, an effective ai 
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pentafluoroethyl, nitro, N(R„)(R„), cyano, 
trifluoromelhoxy, penlafluoroethoxy, benzoyl, hydroxy, 
-(CH 2 ) 0 ^CX=OXC j -C 6 )alkyl, — UCf^OXCj-Q) 
alkyl, benzyl, — OSO 2 (CH 2 ) 0 4 CH 3 , — U(CH 2 )^ 
COOR,,, — (CH 2 ) 0 . 4 CO0R_, — U(CH 2 ) 2 . 4 OR., 
-(CH^OR,,, -UfOy^C^R*, -(CH 2 ) 0 . 4 C 
(=0)R t , -U(CH 2 ) 1 . 4 R 4 , — (CH 2 ) 04 R t , or 
— VlCH^OC^oyR^ wherein U is O, N(RJ, or S; 

Z is — (CHj),..,— , — O— , -OCH 2 — , — CH 2 0— , 
— C(=O)0— , — N(R ? )— , C=0, or a covalent bond; 

R t is amino, optionally substituted with one or two 
(C,-C 6 )alkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(R,), S, or nonperoxide O, 
wherein R 2 is HfCj-C^alkyl, phenyl, or benzyl; 

R„ and R 0 are independently hydrogen, (Ci-C 6 )a)kyl, 
phenyl, benzyl, or (Cj-C^alkanoyl; or R„ and R„ 
together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

R p is H or (Cj-CJalkyl; and 

R,„ and R ? are independently hydrogen, (Ci-C fi )alkyl, 
phenyl, benzyl, or (C,-C 6 )alkanoyl; 

the compound is MER25; 

or a pharmaceutically acceptable salt thereof; 

provided that the compound is not toremifene, tamoxifen, 
4-hydroxytamoxifen, 3-hydroxy tamoxifen, 
4-hydroxytoremifene or N-desmethyltoremifene. 

5. The method of claim 4 wherein the autoimmune disease 
is lupus erythematosus. 

6. The method of claim 4 wherein the autoimmune disease 
is rheumatoid arthritis. 

7. The method of claim 4 wherein the autoimmune disease 
is multiple sclerosis. 

8. A therapeutic method for lowering » 



VI: 



> <: 



wherein 

R^sfA-C^alkyl.c 
or3V; 



aryl, optionally substituted by 1, 2, 50 



R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 1 
is (C,-C 12 )alkyl, halo(C 1 -C 12 )alkyl, (C 3 -C 6 ) 
cycloalkyl, (C J -C <s )alkylcycIo(C J -C e )alkyl, (C 3 -C<) 
cycloalkenyl, or (Cj-C 6 )alkyl(C 3 -cJcycloalkenyl; 5 

R 8 is hydrogen or phenyl, optionally substituted by 1, 2, 
or3V; 

R 9 is hydrogen, halo, aryl, aryl(C,-C 3 )alkyl, halo 
(Cj-Cjjalkyl, cyanofQ-C^alkyl, or (Cj-C^alkyl, 6 , 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 

— is a single bond or is — C(BXD)— , wherein B and D 
are each independently hydrogen, (C,-C s )alkyl, or 
halo; <S 

V is 0P0 3 H 2 , (Cj-C^alkyl, (Cj-C^alkoxy, mercapto, 
(Cj-CJalkylthio, halo, trifluoromethyl, 



5 wherein 

R 6 is (C,-C 6 )alkyl, or aryl, optionally substituted by 1, 2, 
or3V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
is (C,-C 12 )alkyl, halo(C,-C J2 )alkyl, (C 3 -C 6 ) 
cycloalkyl, (C^C^alkylcyclrXC.-C^alkyl, (C 3 -C 6 ) 
cycloalkenyl, or (C,-C 6 )alkyl(C 3 -C 6 )cycloalkenyl; 
R 8 is hydrogen or phenyl, optionally substituted by 1, 2, 
or 3 V; 

R 9 is hydrogen, halo, aryl, aryl(C,-C 3 )alkyl, halo 
(C a -C a2 )alkyl, c 7 ano(C 1 -C 12 )alkyI, or (Q-C^alkyl, 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 

— is a single bond or is — C(B)(D) — , wherein B and D 
are each independently hydrogen, (Cj-C 6 )alkyl, or 
halo; 

V is 0P0 3 H 2 , (Cj-C^alkyl, (C.-C^alkoxy, mercapto, 
(C 1 -C 4 )alkylthio, halo, trifluoromethyl, 
pentafluoroethyl, nitro, N(R„)(R„), cyano, 
trifluoromelhoxy, pentafluoroethoxy, benzoyl, hydroxy, 
-{CH^C^XQ-C^alkyl, _uC(=0)(C a -C,) 
alkyl, benzyl, — 0S0 2 (CH 2 ) o . 4 CH 3 , — ViCUJ^ 
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a COOR„, — (CH 2 ) 0 . 4 COORp, — U(CH2> 2 4 0R P> 
— (CH^OR,,, — U(CH 2 )^C^=0)R„ -(CH 2 ) 0 4 C 
(=0)R t , — U(CH 2 ) 1 . 4 R i , — (CH 2 ) 0 . 4 Rj, or 
— U(CH 2 ) 2 . 4 OC(=0)R^ wherein U is O, N(RJ, or S; 

Z is — (CH^j^— , — O— , — OCH 2 — , — CH 2 0— , -' 
— C(=0)0— , — N(R,)— , C=0, or a covalent bond; 

R k is amino, optionally substituted with one or two 
(C^-QJalkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(R,), S, or nonperoxide O, 
wherein Rj is H^-C^alkyl, phenyl, or benzyl; 1 

R, and R„ are independently hydrogen, (Cj-C^alkyl, 
phenyl, benzyl, or (C^-CJalkanoyl; or R„ and R„ 
together with the nitrogen to which they arc attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 1 

Rp is II or (Cj-C^lkyl; and 

R„ and R ? are independently hydrogen, (Cj-C^alkyl, 

phenyl, benzyl, or (Q-C^alkanoyl; 
the compound is MER25; 

or a pharmaceutical^ acceptable salt thereof; 2 

provided the compound of formula VI is not tamoxifen; 

and provided R 9 is not halo when Z is a covalent bond; R 6 
is a phenyl radical or a phenyl radical substituted only 
at the 4-position with a group — (X.CHJjR*; R 7 is a 2 
phenyl radical or a phenyl radical substituted with one 
halogen or (Cj-C^alkyl; and R 8 is a phenyl radical or 
a phenyl radical substituted only at the 4-position with 
a group —0(CH^ 2 Rt, and — is a single bond; 

and provided that R 9 is not ethyl when Z is a covalent 3 
bond; R* is a phenyl radical substituted only at the 
4-position with a group — -0(CH 2 ) 2 R A ; R k is 
raethylamino, ethylamino, dimethyiamino or diethy- 
lamino; R 7 is unsubstiluted phenyl; and R 8 is 
3-hydroxyphenyl; and — is a single bond. 3 

9. A therapeutic method for enhancing or promoting 
wound healing, c 
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trifluoromethoxy, pentafluoroethoxy, benzoyl, hydroxy, 
— (CH^C^OX^-CJalkyl, — UC(=0XC n -C 6 ) 
alkyl, benzyl, — OSO 2 (CH 2 ) 0 4 CH 3 , — l^Cfy, 4 
COOR — (CH 2 ) 0 . 4 COOR„ — U(CH 2 ) 2 4 OR_, 

-(ch^or,,, -ufay^q^R^ -(ch^c 

(=0)R*, — U(CH 2 ) 1 . 4 R i , — (CH 2 ) 0 4 R t , or 
— U(CH 2 ) 2 _ 4 OC(=0)Rp; wherein U is 0, N(R J, or S; 

Z is — (CH^— , — O— , — OCH 2 — , — CH 2 0— , 
— C(=0)0— _N(R 9 )_, C=0, or a covalent bond; 

R f is amino, optionally substituted with one or two 
(C,-C 6 )alkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(R,), S, or nonperoxide O, 
wherein R 1 is H(C,-C 6 )alkyl, phenyl, or benzyl;, 

R„ and R„ are independently hydrogen, (Cj-C^alkyl, 
phenyl, benzyl, or (Cj-C^alkanoyl; or R„ and R„ 
together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

R p is H or (C 1 -C s )alkyl; and 

R m and R ? are independently hydrogen, (Ci-C 6 )alkyl, 

phenyl, benzyl, or (Cj-C^alkanoyl; 
the compound is MER25; 
or a pharmaceutical^ acceptable salt thereof. 

10. The method of any one of claims 1, 2, 3, 4, 8, and 9 
wherein Z is — {CH^— , — O— , — OCH 2 — , — CH 2 0— 
_C(=0)0— , — N(R ? )— , or a covalent bond. 

11. The method of any one of claims 1, 2, 3, 4, 8, and 9 
wherein Z is — O— , — OCH 2 — , — CH 2 0— , — C(=0) 
0-,or-N(R,)-. 

12. The method of any one of claims 1, 2, 3, 4, 8, and 9 
wherein R fi is not phenyl or phenyl substituted by 1 or 2 V. 

13. The method of any one of claims 1, 2, 3, 4, 8, and 9 
wherein R 7 is not phenyl or phenyl substituted by 1 or 2 V 

14. The method of any one of claims 1, 2, 3, 4, 8, and 9 
wherein R 8 is not phenyl, or phenyl substituted by 1 or 2 V. 

15. A therapeutic method for preventing or treating a 
condition or symptom associated with osteoporosis com- 
prising administering to a mammal in need of such therapy, 

■ -- - vj. 



R 6 is (q-C^alkyl, or aryl, optionally substituted by 1, 2, R« is (C.-C^alkyl, or aryl, optionally substituted by 1, 2, 



R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
is (Cj-C^Jalkyl, halo(C,-C J2 )alkyl, (C 3 -C 6 ) 
cycloalkyl, (Q-QJalkylcyclofQ-C^alkyl, (C 3 -C 6 ) 
cycloalkenyl, or (Cj-C^alkyKCj-Cjcycloalkenyl; 

R 3 is hydrogen or phenyl, optionally substituted by 1, 2, S 
or 3 V; 

R 9 is hydrogen, halo, aryl, ary^Cj-CJalkyl, halo 
(C!-C J2 )alkyl, cyano^Q-C^alkyl, or (Cj-C^alkyl, 
wherein any aryl may optionally be substituted by 1, 2, ft 
or 3, V; or 

— is a single bond or is — C(BXD)— , wherein B and D 
are each independently hydrogen, (Cj-C^alkyl, or 

V is 0P0 3 H,, (C,-C 6 )alkyl, (Q-C^alkoxy, mercapto, 6 
(C 1 -C 4 )alkylthio, halo, trifluoromethyl, 
pentafluoroethyl, nitro, N(R„)(R <) ), cyano, 



)r3V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
is (Cj-C^alkyl, halo(C,-C 12 )alkyI, (C 3 -C 6 ) 
cycloalkyl, (Q-C^alkylcycloCCj-C^alkyl, (Cj-Q) 
cycloalkenyl, or (C,-C 6 )aIkyl(C 3 -CjcydoalkenyI; 

R 8 is hydrogen or phenyl, optionally substituted by 1, 2, 
or 3 V; 

R 5 is hydrogen, halo, aryl, arylCCj-C^alkyl, halo 
(C,-C 12 )alkyl, cyanoCCj-C^alkyl, or (C,-C 12 )alkyl, 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 

— is a single bond or is — C(B)(D)— , wherein B and D 
are each independently hydrogen, (Cj-C^alkyl, or 

V is OPOjHj, (C-CgJaJkyl, (Q-C^alkoxy, mercapto, 
(Cj-C^alkyltbio, halo, trifluoromethyl, 
pentafluoroethyl, nitro, N(R„)(R„), cyano, 
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trifluoromethoxy, pentafluoroethoxy, benzoyl, hvdroxy, 
-<CH 2 ) 0Jl C(=O)(C 1 -C 6 )alkyl, — UC(=0)(C l -C <! ) 
alkyl, benzyl, — OS0 2 (CH 2 )o..,CH 3 , — UCCHj),. 
..COOR,,, — (CH 2 ) 0 4 COOR_, — U(CH 2 ) 2 4 0R_, 
-(CH^OR,,, — t^CH^O^R*, HCH^C 5 
(=0)R*, — U(CH 2 )j. 4 R t , — (CH 2 ) 0 4 R t , or 
— UCOy^OC^O^ wherein U is O, N(R J, or S; 

Z is — (CHJt.i— , — O— , — OCH 2 — , -CH 2 0— , 
— C(=0)0 — , — N(R ? ) — , or a covalent bond; 

R„ is amino, optionally substituted with one or two 10 
(Cj-C^alkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(R,), S, or nonperoxide O, 
wherein Rl is HCCj-C^alkyl, phenyl, or benzyl; 

R„ and R,, are independently hydrogen, (Cj-CJalkyl, J5 
phenyl, benzyl, or (Cj-C 6 )alkanoyl; or R„ and R a 
together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

R„ is H or (C,-C 6 )alkyl; and 

R„ and R are independently hydrogen, (Q-C^alkyl, 20 

phenyl, benzyl, or (Cj-C^alkanoyl; 
the compound is MER25; 
or a pharmaceutically acceptable salt thereof; 
provided that R 9 is not methyl, ethyl, chloro, or bromo B 

when Z is a covalent bond; 
and provided that Z is not — CH 2 — when R s is phenyl, 

substituted only at the 4-position with — (XCry^R*; 

wherein R t is pyrrolidino, piperidino, 4-morpholino, 

dimethylamino, diethylamino, or hexamethyleneimino; 30 
and provided that R 9 is not 2-chloroethyl when Z is a 

covalent bond; and R 6 is phenyl, substituted only at the 

4-position with — C^CH^OH 
16. A therapeutic method for preventing or treating a 
condition or symptom associated with osteoporosis com- 35 
prising administering to a mammal in need of such therapy, 
an effective 
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alkyl, benzyl, — OSO 2 (CH 2 ) 0 . 4 CH 3 , — U(CH 2 ), „ 
COOR — (CH 2 ) 0 4 COOR — U(CH 2 ) 2 4 OR„, 
-(CH^o^OR^, -U(CH 2 ) J . 4 C(=0)R fc -(CH 2 ) 0 _<C 
(=0)R„ — U(CH 2 ) 1 . 4 R t , — (CH^O.R*, or 
— U(CH 2 ) 2 . 4 0C(=0)R p ; wherein U is O, N(R J, or S; 

Z is — (CHj)^— , — O— , — OCH 2 — , — CH 2 0— , 
_ C(=0)0— , — N(R^) — , C=0, or a covalent bond; 

R 4 is amino, optionally substituted with one or two 
(Q-C^alkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(R 3 ), S, or nonperoxide O, 
wherein R 1 is H(Cj-C 6 )alkyl, phenyl, or benzyl; 

R„ and R 0 are independently hydrogen, (Q-C^alkyl, 
phenyl, benzyl, or (Cj-C 6 )alkanoyl; or R„ and R„ 
together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

R p is H or (C 3 -C 6 )alkyl; and 

R m and R ? are independently hydrogen, (Cj-C^alkyl, 
phenyl, benzyl, or (Ci-C 6 )alkanoyl; 



provided that Z is not a covalent bond when R 9 is methyl, 

ethyl, chloro, or bromo; 
and provided that Z is not — CH 2 — when R 6 is phenyl, 

substituted only at the 4-position with — 0(CH 2 )j_ s R J! ; 

wherein R t is pyrrolidino, piperidino, 4-morpholino, 

dimethylamino, diethylamino, or hexamethyleneimino; 
and provided that R 9 is not halofCj-C^alky] when Z is a 

covalent bond; and R 6 is phenyl, substituted only at the 

4-position with — OfCH^OH. 
17. A therapeutic method for preventing or treating a 
condition or symptom associated with osteoporosis com- 
prising administering to a mammal in need of such therapy, 



a VI: 




wherein 

R 6 is(Ci-C,i)alkyl, or aryl, optionally substituted by 1, 2, 
or3V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
is (C,-C 12 )alkyl, halo(C,-C J2 )alkyl, (C 3 -C«) 50 
cycloalkyl, (Cj-C^alkylcyclo^-C^alkyl, (C 3 -C 6 ) 
cycloalkenyl, or (C,-C 6 )alkyl(C 3 -C s )cycloalkenyl; 

R 8 is hydrogen or phenyl, optionally substituted by 1, 2, 
or3V; 

R 9 is hydrogen, halo, aryl, aryKX^-C^alkyl, halo 
(A-C^alkyl, cyanoCC.-C^alkyl, or (Cj-C^alkyl, 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 

— is a single bond or is — C(BXD) — , wherein B and D so 
are each independently hydrogen, (Cj-C 6 )alkyl, or 

V is OP0 3 H 2 , (Cj-QJalkyl, (Cj-C^alkoxy, mercapto, 
(Cj-CJalkylthio, halo, trifluoromethyl, 
pentafluoroethyl, nitro, N(R„)(R„), cyano, 65 
trifluoromethoxy, pentafluoroethoxy, benzoyl, hydroxy, 
— (CH 2 ) 0 . 4 C(==0)(C 1 -C s )alkyl, -UC(=0)(C J ^C <s ) 



45 R° is (Cj-CJalkyl, or aryl, optionally substituted by 1, 2, 
or 3 V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 7 
is (C,-C 12 )alkyl, halo(C 1 -C 12 )alkyl, (C 3 -C 6 ) 
cycloalkyl, (Cj-C^alkylcycloCC^C^alkyl, (C 3 -C 6 ) 
cycloalkenyl, or (Cj-CgJalkyKCa-cJcycloalkenyl; 
R 8 is hydrogen or phenyl, optionally substituted by 1, 2, 
or3V; 

R 9 is hydrogen, halo, aryl, aryl(C 1 -C 3 )alkyl, halo 
(C,-C 12 )alkyl, cyanoTA-C^alkyl, or (C.-C.Jalkyl, 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 



— is a single bond or is — C(B)(D) — , wherein B and D 
are each independently hydrogen, (C,-C 6 )alkyl, or 
halo; 

V is 0P0 3 H 2 , (C.-Olkyl, (Q-C^alkoxy, mercapto, 
(C 1 -C 4 )aIkyllhio, halo, trifluoromethyl, 
pentafluoroethyl, nitro, N(R„)(R„), cyano, 
trifluoromethoxy, pentafluoroethoxy, benzoyl, hydroxy, 
-<CH 2 ) 0 . 4 C(=OXC I -C <5 )alkyl, — UC(=0)(C 1 -C (S ) 
alkyl, benzyl, — OSO,(CH 2 ) 0 . 4 CH 3 , — U(CH 2 ), „ 
COOR„, — (CH 2 ) 0 4 COOR p , — U(CH 2 ) 2 4 0R„, 
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(=0)R t , — U(CH 2 ),. 4 R t , — (CH 2 ) 0 4 R t , or 
— U(a-y M Oq=0)R^ wherein U is 0, N(RJ, or S; 
Z is — O— , — OCH 2 — , — CH 2 0— , _C(=0)0— , or 

-Nag—, 

R* is amino, optionally substituted with one or two 
(Cj-C^alkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(R,), S, or nonperoxide O, 
wherein R 2 is H^Cj-C^alkyl, phenyl, or benzyl; 

R„ and R„ are independently hydrogen, (C 3 -C 6 )alkyl, i0 
phenyl, benzyl, or (Cj-CJalkanoyl; or R„ and R 0 
together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

Rp is H or (Cj-C s )alkyl; and 

R„ and R are independently hydrogen, (Cj-C 6 )alkyl, 1S 

phenyl, benzyl, or (Q-C^alkanoyl; 
the compound is MER25; 
or a pharmaceutical^ acceptable salt thereof. 
18. A therapeutic method for preventing or treating a 
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wherein 

R e is(C 1 -C 6 )alkyl, or aryl, optionally substituted by 1, 2, 
or 3 V; 

R 7 is phenyl, optionally substituted by 1, 2, or 3 V; or R 1 
is (C,-C 12 )alkyl, halo(C 1 -C 12 )alkyl, (C 3 -C 6 ) 35 
cycloalkyl, (Cj-C^lkylcyc^C^Jalkyl, (C 3 -C 6 ) 
cycloalkcnyl, or (C^Jalkyl^-CJcycloalkenyl; 

R 8 is hydrogen or phenyl, optionally substituted by 1, 2, 
or3V; 



R 9 is hydrogen, halo, aryl, aryl(Cj-C 3 )alkyl, halo 
(C,-C I2 )alkyl, cyanoCQ-C^alkyl, or (C.-C^alkyl, 
wherein any aryl may optionally be substituted by 1, 2, 
or 3, V; or 

— is a single bond or is — C(B)(D)— , wherein B and D 
are each independently hydrogen, (Cj-C 6 )alkyl, or 

V is OP0 3 H 2 , (Ci-Cg^lkyU (Cj-C 6 )alkoxy, mercapto, 
(Cj-CJalkylthio, halo, trifluoromethyl, 
pentafluoroethyl, nitro, N(R„)(R 0 ), cyano, 
trifluoromethoxy, pentafluoroethoxy, benzoyl, hydroxy, 
-(CH^oe-OXCr^yUkyl, — 0C(=OXCi-C«) 
alkyl, benzyl, — 0S0 2 (CH 2 ) 0 „. 1 CH 3 , — UfOR^ 
COOR p , — (CH 2 ) 0 _ 4 COOR,„ — U(CH 2 ) 2 .^OR^,, 
— (CH 2 ) 0 .„0R p , —V(CH^C(=OyR k , — (CH^ 
C(=0)R Jl , — U(CH 2 ) 1 4 R t , — (CH 2 )R 4 , or 
-U(CH I ) 2 . 4 0C(=0)R /) ; wherein U is O, N(RJ, or S; 

Z is — (CH 2 ),. 3 — , — O— , — OCH 2 — — CH 2 0— , 
— C(=0)0— , — N(R,>— , 0=0, or a covalent bond; 

R t is amino, optionally substituted with one or two 
(Cj-C 6 )alkyl; or an N-heterocyclic ring optionally con- 
taining 1 or 2 additional N(Rj), S, or nonperoxide O, 
wherein R, is H^-C^alkyl, phenyl, or benzyl; 

R„ and R„ are independently hydrogen, (C^-Qalkyl, 
phenyl, benzyl, or (C,-C 6 )alkanoyl; or R„ and R„ 
together with the nitrogen to which they are attached 
are a 3, 4, 5, or 6 membered heterocyclic ring; 

R, is H or (Q-C^alkyl; and 

R„, and R, are independently hydrogen, (Cj-C^alkyl, 

phenyl, benzyl, or (Cj-QJalkanoyl; 
the compound is MER25; 
or a pharmaceutically acceptable salt thereof; 
provided R 6 is not phenyl or phenyl substituted by 1 or 2 

V. 
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ABSTRACT 



. harmaceutical composition for oral delivery. 
The composition includes about 1-2 mg mammalian estro- 
gen and about 25-100 mg phytoestrogen. Compositions of 
the type described above are utilized, for example, in a 
therapeutic regimen designed to reduce the risk of coronary 
heart disease and osteoporosis in postmenopausal women. 
This method comprises the oral administration of a compo- 
sition comprising a mixture of estrogen and phytoestrogen, 
the dosages of mammalian estrogen and phytoestrogen 
being about 1-2 mg, about 25-100 mg, respectively. 



Estradiol 
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DIETARY PHYTOESTROGEN IN ESTROGEN 
REPLACEMENT THERAPY 



GOVERNMENT SUPPORT 5 
Work described herein was supported by grants from the 
National Institutes of Health and the United States Govern- 
ment has certain rights in the invention. 

BACKGROUND OF THE INVENTION 
Coronary heart disease (CHD) is the leading cause of 
death in women, accounting for 36% of all deaths (approxi- 
mately 380,000 deaths per year). CHD-related mortality is 15 
greater than breast and lung cancer mortality combined. 
Clinical studies have shown that estrogen replacement 
therapy (EST) in the postmenopausal period may reduce 
morbidity and mortality by 50% or more. 

Estrogen deprivation is also an important cause of post- 
menopausal osteoporosis. Osteoporosis affects about one- 
third to one-half of all postmenopausal women. Annually, 
500,000 vertebral fractures occur. Nearly one-third of 
women over age 65 will suffer at least one vertebral fracture. ^ 
Estrogen replacement therapy has been determined to sub- 
stantially reduce the risk of osteoporosis. 

In spite of the reports of substantial reduction in the 
incidence of both coronary heart disease and osteoporosis 
associated with estrogen replacement therapy, poor compli- 30 
ance with such therapy has prevented a major impact on 
women's health overall. Studies have found that the two 
principal disincentives for women to continue estrogen 
replacement therapy are fear of breast cancer, and the 
adverse effects of the progestin (i.e., the nuisance of con- 35 
tinuing menstrual periods, cyclic depression, breast tender- 
ness and symptoms like those of premenstrual syndrome) 
used to prevent endometrial carcinoma. Aside from the 
breast cancer fear, the other disincentives all relate to the 
need to use a cyclic or continuous progestin (i.e., medrox- 40 
yprogesterone acetate) to prevent the risk of endometrial 



SUMMARY OF THE INVENTION 



BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a diagram showing the chemical structures of the 



The subject invention relates to a pharmaceutical compo- 
sition for oral delivery. The composition includes about 1-2 
mg mammalian estrogen and about 25-100 mg phytoestro- 
gen. In a preferred embodiment, the pharmaceutical com- 
position is in pill or capsule form. The ii 
encompasses transdermal or implant delivery ... 
brated to deliver estrogen and phytoestrogen within the 
previously stated ranges. 

Preferably the estrogen is estradiol, and the phytoestrogen 5 
is a phytoestrogen which functions as an estrogen antagonist 
in breast and uterine tissue. Members of the isoflavone class 
of phytoestrogen (e.g., genistein and daidzein) are particu- 
larly preferred. 

Compositions of the type described above are utilized, for ( 
example, in a therapeutic regimen designed to reduce the 
risk of coronary heart disease and osteoporosis in postmeno- 
pausal women. This method comprises the oral administra- 
tion of a composition comprising a mixture of estrogen and 
phytoestrogen, the dosages of mammalian estrogen and t 
phytoestrogen being about 1-2 mg, about 25-100 mg, 



1 (4',7-dihydroxyisoflavone) compared with 



Nearly 70 years ago, it was reported that certain plants 
could induce estrus in animals. Subsequently, over 300 
plants have been found to possess estrogenic activity (see 
e.g., Bradbury and While, Vitamin Horn. 1 2:207 (1954), and 
Famsworth et al., J. Pharm. Set 64:717 (1954)). These 
compounds have been given the general name of "phy- 
toestrogens" and represent several chemical classes. Simi- 
larities in the molecular structure of phytoestrogens facilitate 
binding to the estrogen receptor. An important class of 
phytoestrogen is the isoflavone class. The chemical struc- 
tures of the soy isoflavones genistein (4',5,7-ttihydroxy- 
isoflavone) and daidzein (4',7-dihydroxyisoflavone) are 
compared with estradiol of mammalian origin in FIG. I. 
Phytoestrogens have been shown to exhibit mixed estrogen 
agonist-antagonist properties which are organ-specific in 
vivo (Setchell, In McLachlan, Ed., Estrogens in the Envi- 
ronment. New York, Elsevier, pp 69-85 (1985)). 

Soybeans are a particularly important source or phy- 
toestrogen. Several hundred varieties or cultivars of soy- 
beans exist, and their phytoestrogen content can vary from 
50 mg/100 g to 300 mg/100 g. In addition, given the high 
levels of consumption of soy protein by certain Oriental 
cultures, there is a substantial body of relevant epidemio- 
logic evidence. For example, there is epidemiologic evi- 
dence that phytoestrogens are associated with lower risk of 
development of breast and uterine cancer. Oriental women 
have lower rates of breast cancer compared to Americans. 
For example, in 1985, the age-adjusted breast cancer inci- 
dence in the United States among women aged 35 to 74 was 
21 1.9 per 100,000 women, compared to 69.7 per 100,000 in 
Japan (Ursin et al., In: Doll et al., cds. Cancer surveys- 
trends in cancer incidence and mortality, Plainview, N.Y.: 
Cold Spring Harbor Laboratory Press, 241 (1994)). Addi- 
tionally, Japanese women who have emigrated to the United 
States are at higher risk of breast cancer than those who 
remain in Japan, and the risk of cancer in their offspring 
approaches that of other US-bom women (SMrnizu et al., Br. 
J. Cancer 63:963 (1991)). Oriental women consume 30 to 
50 times more soy products than American women (Coward 
et al., J. Agr. Food Chem, 41:1961 (1993)); as a result, 
differences in urinary excretion of phytoestrogens between 
Oriental women and American women are striking (Orien- 
tal: 2,000-3,000 nmol/24 hour of genistein and daidzein; 
American: 30-40 nmol/24 hour). Experimental evidence for 
lower breast cancer incidence associated with dietary phy- 
toestrogens in soybeans has also been reported (Barnes et 
al.. In Jacobs MM, ed.. Diet and Cancer: Markers, preven- 
tion and treatment, New York: Plenum Press, 135 (1994)). 
Specifically, dietary soy protein preparations enriched with 



with 7,12-dimethyl-benz[a]anthracene compared to rats fed 
low-phytoestrogen soy protein preparations. 

The differences in endometrial cancer incidence between 
North American (Canadian) and Asian women (Japanese) 
are also noteworthy. For example, the age-specific endome- 
-=11 cancer incidence in 1985 increased with age in North 
t_ - lntrast) tjiere wi 
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among Japanese women and incidence was lower for each 
age group compared to North Americans. 

The increasingly frequent suggestion that phytoestrogens 
may protect against development of coronary artery athero- 
sclerosis (CAA) and CHD is based on the evidence that '■ 



TABLE 1-contmued 



CHD risk among postmenopausal women. That phytoestro- 
gens may be cardioprotective is supported by the low rates 
of CHD among Oriental people compared to Westerners, 
and the low rates of CHD among vegetarians compared to 
omnivorous people, although differences in dietary fat and 15 
cholesterol confound these comparisons. 

In addition to the epidemiological evidence, recent 
experimental observations have suggested that phytoestro- 
gens may protect against the development of CAA. For 
example, studies have shown that male casein-fed rats had 20 
significantly higher total plasma cholesterol (TPC) and low 
density lipoprotein cholesterol (LDL-Q concentrations than 
soy protein-fed rats. When soybean phytoestrogens were 
added to casein, the animals had LDL-C concentrations 
similar to the soy protein-fed group. 25 

In premenopausal female monkeys fed soy protein 
enriched in phytoestrogens, TPC concentrations were sig- 
nificantly lower and HDL-C concentrations were higher 
among phytoestrogen-enriched soy protein-fed animals. 
Furthermore, among surgically postmenopausal female 30 
monkeys, HDL-C concentrations were higher (50 versus 67 
mg/dl), while TPC concentrations were similar between 
phytoestrogen-enriched and low-phytoestrogen soy-fed 
groups. 

Finally, among the phytoestrogens, only genistein (the 35 
principal phytoestrogen of soybeans) has been the subject of 
numerous cellular/molecular biologic studies suggesting its 
potential beneficial effects of several key aspects of CAA, 
restenosis and arterial function. A summary of those obser- 
vations is shown in Table 1. 40 



In addition to the evidence discussed above in connection 
with CHD and CAA, there is also epidemiologic and experi- 



pausal bone loss and osteoporosis. With respect to the 
epidemiologic evidence, differences in hip fracture inci- 
dence between U.S. women (low phytoestrogen consumers) 
and Asian women (high phytoestrogen consumers) can not 
be explained by the usual relationships with calcium con- 
sumption. More specifically, the per capita calcium con- 
sumption of calcium (mg/day) of U.S. women exceeds 1,000 
mg/day, whereas the per capita calcium consumption of 
Asian women is only slightly above 500 mg/day. However, 
the incidence of hip fractures per 100,000 women in the U.S. 
is about 100, whereas the Asian population incidence is only 
about 22 per 100,000 women. 

With regard to the experimental data, a recent report 
discloses that a low dose, but not a high dose of genistein 
was equivalent to conjugated equine estrogen (CEE) in 



TABLE 1 



reports have provided further evidence for a bone-protective 
effect of genistein. These reports focused on a structurally 
similar compound, iprifiavone, which is a synthetic 7-isc- 
propoxyisoflavone (Gambacciani et al, J. Endocrinol 
Invest. 16:333 (1993); Melis et al., In Christiansen C, Riis 
B., eds, Proceedings, 4th International Symposium on 
Osteoporosis and Consensus Development Conference: 460 
(1993); Passeri el al.. In Christiansen C, Riis B., eds, 
Proceedings, 4lh International Symposium on Osteoporosis 
and Consensus Development Conference: 463 (1993); 
Agnusdei el al. In Christiansen C, Riis B., eds, Proceed- 
ings, 4th International Symposium on Osteoporosis and 
Consensus Development Conference: 467 (1993)). 




above are consistent with a hypothesis that dietary phy- 
1 toestrogen represents a critical element in the diet of Ori- 
ental women which is, at the very least, non-antagonistic of 
the positive post-menopausal effects of estrogen in bone and 



Oriental women represents a 
estrogen replacement therapy. More specifically, the known 
risks of increased incidence of breast cancer associated with 

55 hormone replacement therapy would be reduced by the 
antagonist effects of phytoestrogen in breast tissue. Simi- 
larly, in uterine tissue, the antagonistic effects of phytoestro- 
gen would result in a reduction in the risk of endometrial 
cancer relative to conventional estrogen replacement 

60 therapy. Furthermore, this estrogen antagonistic effect in 
uterine tissue would obviate the need for the co-administra- 
tion of progestin. As discussed previously, the side effects of 



with an estrogen therapy regimen. 
Having said this, however, there is contrary experimental 
evidence which must be considered. More specifically, Wil- 
cox et al. {Br. Med. J. 301:905 (1990)) reported in 
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* 6 

vaginal cell proliferation among postmenopausal women increased acceptance and compliance 1 

consuming soybean phytoestrogens for 6 weeks. In addition, effi— ■ - ~- 

Markiewicz et al. (J. Steroid Biochem. 45:399 (1993)) he£ 
demonstrated experimentally that the soy isoflavone 

genistein exhibited an estrogen effect on endometrial cancer 5 

cells in an in vitro bioassay. These reports are in conflict with EXAMPLES 
the epidemiological and experimental data discussed above. 

The subject invention is based on Applicants' discovery 

that contrary indications in the prior art with respect to Example 1 

Smv^i^ll P r0l . iferaUon " not A ome out *» a 10 Cynomolgus macaques are similar to women in many 

ZJ^l^Tl^ 'St' m . an , an T 1 mod u eI svstem - ™ e aspects of their reproductive physiology Their endometrial 

and reproductive characteristics similar to those of women ™*L°! ™T » Jt h? * ■ I ° ng ™ Z 2"™* 

(Mahoney a, /. Repmi FertiL 21:153 (1970); MacDonald Z USed l ° determme ,he estrogenic effects of 

GJ, FertiL SteriL 22:373 (1971); Jewett DA and Dukelow 15 Sf ? Um£ ^° mS (CEE) ' Medroxyprogesterone 

WR, J. Repwd. Fertil. 31:287 (1972)). Like premenopausal S0 . ybean (SBE) and Tamoxifen on the 

al cynomolgus macaque females have Vagmal e P llhelium ° f surgically postmenopausal ci 



0 — r—m concentrations of HDL-C than t™^™*- h ^ «* study (study one), 40 sl__. 

their male counterparts and gender differences in the extent Postmenopausal adult female cynomolgus macaques «... 

of CAA are like those of human beings during the repro- 20 r 5 ,domized 10 either * control group (OVX) or one of two 

ductively active years (Hamm et al. Atherosclerosis 48-221 T^ 1 * eamientJ!: CEE at a dose equivalent on a caloric 

(1983). basis t0 °- 625 mg/woman/day; or SBE at 1.27 rag genistein 

effects of phytoestrogen in breast tissue. The data also JT T , c 

supports the epidemiological and experimental results which Tn P , I * °" e WerC C ° lleCtcd belWeCn Ma y 

indicate that a diet which mimics the diet of Oriental women !° June 1994 after the animals had been on the treatment 

with respect to isoflavone consumption will reduce the risk 0r t0 6 montbs - A^als in st «dy two had 5 to 8 blood 

of endometrial cancer by virtue of the antagonistic effects of 3S sam P le s collected over a period of two y— 

isoflavone resulting in a reduction in the risk of endometrial mentS - PlaSma estiadio1 !evels werc deter 

cancer relative to conventional estrogen replacement ^ s ^ d V °"e and plasrr^ estradiol and e.. 

therapy. Furthermore, this estrogen antagonistic effect in ^sauA for animals m study two to verify th 

nterine tissue would obviate the need for the co-administra- ^ cytology smears were taken after 4 to 6 months of 

tion of progestin. As discussed previously, the side effects of 40 J^ atment for stud y one ^ after 2 years for study two. 

progestin have been identified as a major disincentive with Mamrau ° n Mex (MI) was determined using the superficial, 

respect to compliance with an estrogen therapy regimen, intermediate and parabasal cell percentages. Statistical 

Thus, in one aspect the invention relates to a pharmaceu- ™Zm^ttf £ i"^^^3v? °" C "5? 

tical composition for oral delivery comprising about 1-2 me „ SSl!?^ X ? ^J" OVX {mumX 

gen is estra-l,3,5(10)-tnene-3,17p-diol, commonly known Q VX (control)=67 9 CEE=96 3 MPA=rf7S ' (^Imdl 

particular, the isoflavanoids genistein and daidzein have * ^ F ** ° ther bUt were 

the present invention ^gber estediol man me other groups. The estrone results 

„ ... „ ^ , „ were similar to the estradiol results with CEE and CEE+ 

J^T^^T ° v. 0 * mS manunalian «*«8« MPA S™P* having significantly higher levels than the other 

and about 25-100 mg phytoestrogen to postmenopausal 60 groups. These results demonstrate that CEE has estroRenic 

women on a daily basis wdl serve to decrease the risk of effects on the vaginal epithelium partly mediated through 

osteoporosis and coronary heart disease, without the need causing an increase in circulating Jevek of estradiol 

for a coadministered progestirL In light of the fact that the estrone. Tamoxifen, an estrogen antagonist in breast tissue 

side effects of progestin have been identified as one of the • - 



— is estrogenic effects on the vaginal epithelium. Sk>c cc; ! - 
two major disincentives for compliance with estrogen 65 taining genistein, does not act as an estrogen on the vaginal 
replacement tnerapy, the present invention represents an epithelium. MPA neutralizes the effects of CEE and has no 
estrogen replacement therapy regimen which will meet with estrogenic effects on the vaginal epithelium. 
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Example 2 starting with the second void of the day and ending with the 

To evaluate the effect of dietary soy among postmeno- fir . st - mora ing void (which was placed in a separate con- 

pausal women, ninety-seven women were randomly |f ner ) ° n ^ rol'owing day. The 24-hour specimens were 

assigned (in approximately a 3:1 ratio) to a soy diet group 7? m f 00 '" 8 , Piously frozen freezer packs and 

after a two-week period when baseline measurements were 5 de ' vered 10 ^ personnel at the end of the 24-hour 

taken. During the four weeks after randomization, the soy collectl0n P £ nod. Aliquots were frozen and stored at -20° C. 

diet group ate daily portions of soy foods (provided by the ma j° r **** food was a main made fro™ 

study) as a substitute for approximately one third of their ^ e or textunzed vegetable protein (dried defat- 

caloric intake. Members of the control group were instructed te d. soybean flour). The whole soybeans were a single 

to eat "as usual" during the dietary intervention period. All 10 ^ ty, t "^f^ «* P^f^ed in a single batch, 

participants were instructed to maintain a stable hndv ' h textunzed vegetable protein (TVP) was purchased in SO 



,„,.. . ,„ ,, } ,,, , i v „ ,„h ~ ■ , ,i a i provided as a daily snack. The soybeans, TVP, and soy splits 

m^e^on t^Tl H !2Z J^"^ 15 were f <* daidzein and genistein by HPLC-rLs 

mtervenuon serum LH serum FSH, serum SHBG, and 15 speciromeuy, as described previously (Setchell et al., Gas- 

cytology of the vaginal epifliehum as reflected by the troenterology 93:225 (1987)). The daily intake of soy con- 

maturauon mdex or percent superficial cells in vaginal sisted of 38 gms of dry TVP (2.1 mg/g daidzein 0 6 mg/g 

smears. The concentrations of serum estradiol and urinary genistein) or 114 gms of dry whole soybeans (07 mg/g 

soy estrogens (urtnary daidzein, genistein, and equol) were daidzein, 0.2 mg/g genistein). In addition, women ate 25 

also measured at baseline and at the end of the diet- 20 gms of soy sprits daily (1.8 mg/g daidzein, 07 mg/g 

mtervenUonpencd-AUlaboratorypersonnelwereblindedto genistein). Thus, daily intake of isoflavones was 165 

the time of collection (pre-diet or end-of-diet) and the mg/day. This is approximately equivalent on a molar basis to 

treatment status (soy-supplemented diet or control) of all 0.3 mg/day of conjugated steroidal estrogen assuming that 

samples assayed. The study began with a pilot phase (n=8 the estrogenic activity of the phytoestrogens is about 0 1% 

women) and was then completed in two separate sessions, 25 that of conjugated estrogen 

onem thefall (n=40 women) and one in the spring (n=49). Mpants visited one of four medical clinics four times 

Study participants were volunteers who were recruited during the study: twice in the pre-diet period, and at the end 

from the three-county area around Research Triangle Park, of the diet period. All appointments were scheduled between 

N.C. Recruitment was conducted through newspaper adver- 8:00 ajn. and 10:00 a.m., and women were instructed to fast 

tisemenfc, then at restaurants and health food stores, radio from midnight the previous night until after their appoint- 

announcemente, and specific outreach to vegetarian organi- ment At each clinic appointment the women were weighed 

zations includmg Seventh Day Adventisl groups. Criteria for and blood was drawn four times at twenty-minute intervals' 

entry were: 65 years of age or younger, at least two years via venipuncture. Blood was centrifuged and equal aliquots 

past last menses, no use of estrogen replacement therapy or of serum from each sample were pooled and stored at -20° 

antibiotics m the preceding six months, no use of prescrip- C. The pooled serum sample was used for assays in order to 

ton drugs known to affect outcome measures, e.g., corti- reduce the variability caused by the pulsatile release of LH 

costeroids. An intensive participation schedule was required and FSH from the pituitary. At the second preset and final 

1™ .I™., 1 " r / meetings 1 ' 1 daiIv firet " visite > sara P les of vagina! epithelial cells were taken from the 

morrungunne collection four^-hourunnecollecuons, and left and right midlateral vaginal walls. Clinical personnel 
SS£££ •tstohaveblooddrawnEachwomanreceived 40 collected cells by making 5-10 scraping strokes win? vaginal 

,n,l w^I^Tk 6 ? Vel o PenSeS - ™ S spatulae - A se P arate sHde was P 1 ^^ for ««* wal1 - Study 
study was approved by the Human Subjects Revew Com- personnel assisted and immediately sprayed the slides with 
mittee at the National Institute of Environmental Health fixative containing alcohol and polyethylene glycol to pre- 
sciences. 45 serve cells and prevent drying. 

Before randomization the women completed an extensive Urinary phytoestrogens (daidzein, genistein, and equol) 

self-administered auesUoimaire regarding demographic were measured simultaneously in 5 ml. aliquots of each 

information, lifestyle factors (exercise, cigarette smoking, urine specimen. Isoflavones were extracted from urine by 

coffee drinking, alcohol use), reproductive history, recent solid-phase extraction after addition of an internal standard 

tain of 2 d ° 0 "? t rescn 'P U j e drugs and an adap- 50 5a -androstane-3a, 17a-diol (5 ug). Conjugates were hydro- 

mZlr l ^ a f ft 1 .nTL? ° o ^Q uesu0nnaire lyzed with p-glucuromdase and sulfatase enzymes. Uncon- 

(Block et al.. Am. /. Eptd 124:453 (1986)) that collects jugated estrogens were extracted by liquid-solid extraction, 

information about dietary habits durmg the prior year. In and phenolic compounds were separated from neutral ste- 

aoaiuon, women completed a short daily questionnaire on roid hormone metabolites using an anion exchange get 

which they recorded their weight, alcohol consumption, 55 triethylaminohydroxypropyl Sephadex LH-20. Trimethylsi- 

HS,tr. , P rescn P Uon and nonprescrip- lyl ethers were prepared, separated by gas chromatography 

Tm^a ' Th £ ■ »> ns j^ng how they on a DB-1 capillary column, and quantified by mas, Tspec- 

If fn^'-^ v ( I^t 1 "^ ?° y d ' el ? I0UP) 3 rCCOrd lromeUy " to * d ion "lonitoring (Setchell et al.. Am. 

of soy food mtake. After the diet intervention period they J. Clin. Nmr. 40:569 (1984)) 

also filled out a short followup questionnaire to assess anv «, iw™ „ / • „ 

major changes during the study m exercise patterned (to ,„ h""? , co " cenlrat, I ons of soy isoflavones were measured 

the control group) diet l ° demonslrate compliance with the diet and to provide a 

Afi.-r.lv. fL, ^ J ., c crude measure of phytoestrogen dose for each participant 

After the first week in the study, daily first-moming urine Earlier work (Setchell et al.. Am. J. Clin Nuir 40369 

specimens ; were .collected and frozen at home. They were (1984)) had shown mat urinary equol levels increased by the 

ttZ??l° y ?T n f nel I" 000 ' 615 Wi * freezer 65 lhird ^ of a soy-supplemented diet remained high but 

w^tnn^LTh T • A 2 t h T . UrinB SVeCimSa quitC Variable duri »S the **• ■»> relum ed to low bfseline 

was collected on the same day as the clinic appomtment, levels by the third or fourth day after cessation of the diet 
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;ct of day-to-day variations in urinary 
st morning urine samples from before 
the diet (6 ml. aliquots from each of the seven days before 

randomization) and during the diet period (2 ml. aliquots . ™ v ,, „ „. wual ,„ 
from each day of the last three weeks of the diet) were 5 of the dependent variable 
pooled prior to phytoestrogen measurement in the pooled 
sample. Concentrations were expressed relative to the crea- 
tinine concentration in the pooled sample. A pilot study of 20 
paired specimens had been conducted to measure phy- 
toestrogen concentrations in 24-hour and first-morning urine 
specimens from the same 24-hour period to verify that 
first-moming urine specimens (corrected for creatinine) 
were valid indicators of total urinary excretion. 
LH, FSH, SHBG, and estradiol concentrations in sera 



indicative of estrogen stimulation (Blair, O. M., Gyneco- 
logic Endocrinology: 159 (1987)). Because only 27 women 
exhibited a change in superficial cells during the study (most 
remained at 0%), ordinal logistic regression with three levels 
" ' ' * nt variable were used: decrease, no change, 
.i percent superficial cells. Adjusting for other 
done as described above. 



variables w 

In further analyses to explore a possible dose response, 
treatment as a term in the models was replaced with each of 
three different measures of urinary soy estrogens: equol 
concentrations alone, an unweighted sum, or a weighted sum 
of concentrations with weights of 4 for daidzein, 8 for 
genistein, and 100 for equol, based on laboratory data on 
their relative estrogenicity (Slum. D.A., and Cox, R.I., J 
Endocrinol 52:299 (1972); Tang, B. Y., and Adams, N. R., 
J. Endocrinol. 85:291 (1980)). 

To evaluate possible interaction effects, i.e., that subsets 
of the population responded differently to the dietary inter- 
vention, terms were added that represented interactions with 
treatment for age, time since menopause, smoking status, 
weight, Quetelet's index, and estradiol level at baseline to 
the models for FSH, LH, SHBG, and maturation index. 

Of the ninety-seven women who began the study, three 
were found to be ineligible (one was still premenopausal, 
one was taking corticosteroids, and one was taking medi- 
cation for diabetes). Three others dropped out during the 
study (two due to emergencies in their families, and one 
because she could not tolerate the soy foods). The remaining 
91 women (66 in the soy diet group and 25 in control group) 
completed the intake and followup questionnaires, attended 
all clinic appointments, and collected 24-hour urine samples 
beginning the morning of their clinic appointment More 
than 98% of the requested first-moming urine samples were 
successfully collected. 

Compliance with the diet appeared to be good. Most 
(73%) reported eating all of their assigned foods. Eighteen 
women reported having eaten only part of their soy foods on 
at least one day, but only four women missed days com- 
pletely (3 missed one day, 1 missed two days), and these 
The outcome measures in this study were changes during 40 occurred at the time of an illness. Consistent with these 
the four-week diet penod in serum FSH, LH, SHBG, and reports, urinary soy estrogens increased markedly for most 
vaginal cell maturation index. For maturation index, the women in the soy diet group (average of a 105-fold increase 
change variable was the difference between the end-of-diet in the unweighted sum), but very little for the controls 
value and the baseline value. For FSH, LH, and SHBG, the (average of a 2-fold increase which was " 
change vanable was the difference in the natural logarithms 45 significant). As expected there was Utile overlap bel\ 
of the end-of-diet and baseline values, which is equivalent to control and soy diet groups, but the variation among the 
the ^logarithms of the ratio: end-of-diet divided by baseline. women in the soy diet group was broad, with some women 
FSH, LH, and SHBG concentrations were logarithmically showing extremely large increases, others showing more 
transformed before analysis because the transformed values modest changes, and a few showing very little change, 
better met normality and equal variance assumptions. Base- 50 Despite efforts to recruit vegetarians, only four participated 
line concentrations were estimated as the geometric mean of in the study. The two who were assigned to the soy diet 
two pre-diet values. .. .. 

For each of the four dependent variables (change in FSH, 
LH, SHBG, and maturation index), tests were conducted for 
the effect of dietary intervention by including treatment as a 
term in a basic model that also included season of study, and 



were measured with commercial kits. Time-resolved fluor- 
oimmunoassays for LH, FSH and SHBG were performed 1 
with the appropriate LKB-Wallac DELFIAkits (Electronu- 
clionics, Inc., Columbia, Md.). Estradiol was measured by 
radio immunoassay (Leeco Diagnostics, Inc., Southfield, 
Mich.). Samples were analyzed in duplicate and the geo- 
metric means of the duplicates were used for analysis. All 2 
samples from an individual woman were assayed together. 
For all analyses, the intra-assay coefficient of variation was 
<5% and the inter-assay coefficient of variation was <10% 
based on quality control standards. 

All vaginal smear slides were read by a single trained 2 
technician. Specimens from each wall were read separately, 
and the technician was not aware of which slides were 
paired. From each slide two hundred cells were examined to 
determine the percentage of parabasal, intermediate, and , 
superficial cells (Hammond, D.O., Clin. Obstet. Gynaecol 4: 
49 (1977)). The values from the two walls were averaged to 
give a single value for each woman. Fifty-one (14%) of the 
364 slides had too few cells to count and were not included 
in the calculations. This resulted in four women with no 
vaginal smear data and 34 women with vaginal smear data 
based on only one wall for at least one of the time periods. 
A maturation index was calculated as the percent superficial 
cells plus half the percent intermediate cells. 



clinic that the woman attended. Thus, the null hypothesis 
was that the mean change for the soy diet group was not 
different from the mean change in the control group. Change 
in serum estradiol level (difference in natural logarithms of 
end-of-diet and baseline concentrations), change in weight, 
and age (by chance, controls were younger on average than 
women in the soy diet group, though not significantly so) 
re also added one at a time to the basic model to adjust 



group had low baseline levels and showed large i 

urinary isoflavone concentrations during the diet period. 

As instructed, women maintained fairly stable body 
weights through the diet intervention period. The average 
weight change was a gain of 0.5 lbs. (0.4 for the diet 
intervention group and 0.9 for the controls). No one gained 
or lost more than five pounds and most (82%) varied by no 
more than two pounds from their baseline weight. Weight 
change was considered a potential covariate in all analyses. 
Endogenous estrogen levels, as reflected by serum estradiol 
concentrations, went down slightly during the study for both 
the diet-intervention and control groups. The decline was 
slightly larger for the diet-intervention group than ft 



for possible effects of these factors. Changes in vaginal 65 controls (1.4 pg/ml vs. 0.9 pg/ml), but not significantly 
cytology were examined further by focussing analyses on Change in estradiol level 
the percent superficial cells, the t " " 
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Example 3 



Changes over the four-week diet period in serum LH, 
FSH, SHBG, and in maturation index were determined. 
Adjustment for season, clinic, age, change in body weight, 
or change in estradiol concentration had little effect on these 
relationships. LH and FSH were predicted to decrease with . 
soy intervention, and both did tend to decrease slightly (FSH 
more so than LH). However, controls also showed small 
average decreases, and the soy diet and control groups did 
not differ from each other (p=0.33 for FSH; p= 0.89 for LH). 
SHBG was predicted to increase with soy intervention, but 
instead, SHBG tended to decrease for both the soy diet and 1 
control groups to a similar degree (p= 0.89). Maturation 
index was predicted to increase with soy intervention. 
Though there was a slight average increase in the soy diet 
group compared to a slight decline in the controls, the 
groups did not differ significantly (p= 0.40). 1 

When vaginal epithelium data 
focussing on superficial cells (the cells m 

estrogen summation) the changes were again in the pre- Animals will be randomized by body weight it 
dieted direction (increased superficial cells with dietary dietary treatment groups of 10 animals each. Nine groups 
intervention). In unadjusted data 43 (68%) women in the soy will undergo bilateral ovariectomy (OVX) by 45 days of 

diet erOUD Showed nn chancre, in nmvejtf «nnm«*i«1 -olio „„„ .1 •„ „j 



This Example relates to experiments designed to evaluate 
the beneficial affects of a combined estrogen/phytoestrogen 
dietary regimen on rats. More specifically, serum lipid 
profiles, as well as effects on the uterus and bone will be 
monitored. The architectural and hormonal milieu of the 
uterus has not been replicated successfully in any alternative 
to the in vivo model, because the endocrine and paracrine 
( regulators of normal uterus are not completely understood. 
The small size, short lifespan, and ease of handling make 
rats ideal for scientific studies. The rat is a well-character- 
ized model species for human diseases and has been used 
specifically to model uterine cancer. Endometrial hyperpla- 
sia can be induced in rats using the doses of Premarin 
described below. Rats are also well-characterized with 
respect to serum lipids and lipoproteins and are adequate for 
it of bone density. 



diet group showed no change in percent superficial cells 
during the diet, 8 (13%) showed a decrease, and 12 (19%) 
showed an increase compared with 17 (71%), 5 (21%), and 
2 (8%) in the respective categories of the controls (X 2 ^ 
2.03; p=0.36). After adjustment for other factors with ordinal 
logistic regression, the same trend was determined: in com- 
parison to controls women in the soy diet group tended to 
have no change or to have their proportion of superficial 
cells increase during the diet period rather than decrease 
(Odds Ratio=2.5 (0.8,7.8)), but the difference was consistent 
with chance (p<0.06). 

Urinary levels of the soy estrogens may provide a mea- 
sure of biologically effective dose for women in the soy diet 
group. Therefore, evidence for a dose-response relationship 35 
between concentrations of urinary soy estrogens and estro- 
genic responses was evaluated. Concentration of urinary soy 
estrogens was not a better predictor of the outcome measures 
than treatment alone, whether the change in soy estrogens 
was modelled as a linear term or as four separate categories 40 
corresponding to quartiles of change. Adjustment for other 
variables did not affect this result 

Potential interactions were also considered to determine 
whether subsets of the study participants may have 
responded to the diet as predicted even though the soy diet 45 
group as a whole showed no clear estrogenic responses. 
Effects that might depend on age, time since menopause, 
smoking status, weight, Quetelet's index, and estradiol level 
at baseline were considered. Of the 24 tests conducted, two 
showed significant interaction effects (p< 0.05). One sug- 50 
gested that the diet/control comparison for change in FSH 
varied by age. Both soy diet and control groups tended to 
have small decreases in serum FSH concentrations during 
the diet period. However, the magnitude of decrease was 
positively correlated with age in the control group, while 55 
there was little variation with age in the diet intervention 
group. The second interaction suggested that the diet/control 
comparison for change in SHBG varied by smoking status. 
Whereas nonsmokers in both soy diet and control groups 
showed similar small decreases in SHBG, the diet smokers 60 
(n=l 0) and control smokers (n= 5) differed from each other: 
the smokers in the control group had a small increase in 
SHBG, and the smokers in the soy diet group had a small 
decrease. Considering the multiple tests conducted, and that 
there was no biological basis for predicting such effects, «5 
these statistically significant interactions may have resulted 
from chance. 



age, whereas three groups will undergo sham ovariectomy. 




In Table 2, doses of hormonal drugs have bf 
from clinically used human doses as: human dose/1800 
calories/woman/day=dose per calorie of diet Doses arrived 
at by this means are, therefore, consistently scaled and are 
adjusted for metabolic rate. They are similar to the dose 
which would be arrived at by scaling on the basis of body 
surface area. The human equivalent isoflavone intake has 
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been estimated by the same equation. Purified diets will be hum-dependent and independent agonsits. Simultaneous 

formulated by the Compare Medicine Clinical Research measurements of coronary Artery velocity will be done using 

Center Diet Laboratory. Sufficient isofiavone-rich and Doppler techniques to evaluate the effects of treatment on 

isoflavone-poor soy protein is on hand to formulate all diets coronary blood flow and reactivity of the coronary 

needed for this study. 5 microvasculature. 

Using rats treated as described above, the following Immediately following the coronary reactivity studies 

hypotheses will be evaluated; standard sections of breast tissue, uterus, cervix and vagina 

1 . Premarin with phytoestrogen will result in lower levels „ U ^ removed for P rocessin B as described below. Routine 

of endometrial hyperplasia in rats relative to Premarin , I°P (<*" ™& character, myometrial thickness and 



ifW4»«ii i.- i f u ,- w"! *en be prepared for whole body perfusion-fixation at 

3. Casern alone will result m loss of bone mass relative to physiologic pressure with 10% nentral buffered formalin. 
Premann and phytoestrogen treated groups. , 5 The heart will be removed and coronary arteries prepared for 

4. Phytoestrogen diet alone will not cause endometrial histomorphometric analysis. The two common iliac arteries 
hyperplasia relative to Premarin-treated and casein-fed will also be processed for histomorphometric analysis of 
controls. neomtimal formation after balloon injury. 

The tissue sections described in the preceding paragraph 

Example 4 20 ^ ^ ^yxd for: 1) the development of hyperplastic, 
dysplastic, or neoplastic lesions in breast and endometrium; 

The studies described in this example are intended to 2) effects of treatments on estrogen and progesterone recep- 

examine the separate and combined effects of a traditional tor status of mammary epithelium and endometrium; and 3) 

estrogen (estradiol) and a soybean phytoestrogen on coro- effects of treatment on expression of an endogenous marker 

nary artery function and reproductive organ pathology in the » of cellular proliferation in mammary and endometrial cells, 

cynomolgus monkey. Fifty-six adult female cynomolgus Hyperplasia and dysplasia will be assessed subjectively and 

monkeys will be selected from the NHLBI breeding colony. by computer-assisted image analysis of glandular morphol- 

All monkeys are consuming a moderately atherogenic diet ogy and nuclear size and shape. Estrogen and progesterone 

(0.2 mg cholesterol/Cal of diet) and will continue to con- receptor status and a marker of cellular proliferation (Ki- 

sume diets coniaining the same amount of cholesterol 30 67-MIB) will be assessed by irrmiunomstochemistry fol- 

throughout the study. lowed by stereologic quantification of proportions of labeled 

All monkeys will be ovariectomized, then randomized to ceUs - Pafallel pathologic and immunolabeling studies of 

c it groups (n=14 each). Group 1 will receive endometrial responses will be done, allowing a comparative 

' " " " • n replacement and casein assessment of the two tissues in individual animals. 

of protein. Group 2 will 35 We claim: 
h 17 beta-estradiol added to the }; A pharmaceutical composition for oral delivery com- 
Jt dose of 1 mg/day and casein will be pnsmg a combination of mammalian estrogen and soy- 
provided as the source of protein. Group 3 will receive derived phytoestrogen in an amount sufficient to reduce the 
atherogenic diet, soybean protein (with plant estrogen) as risk of coronar y heart disease and osteoporosis in women, 
source of protein (equivalent plant dose of 140 mg/day). 40 2 - ^ pharmaceutical composition of claim 1, wherein 
Group 4 will receive atherogenic diet, estradiol and soybean ^ amount sufficient to reduce the risk of coronary heart 
as the source of protein in the diet. Treatment will be for a disease and osteoporosis in women is about 1-2 mg of 
period of 5 months. mammalian estrogen combined with about 25-100 mg phy- 

Prior to necropsy, a number of determinations will be A < ,. , 

made. Plasma lipid and lipoproteins (i.e., TPC, HDL-C and -„' P harmace uucal composition of claim 1 which is in 

TG) will be measured once prior to treatment and then 2, 4 pJ l °[ ra P sule fona - 

and 5 months after treatment LDL molecular weight will be 4 ' A P harmaceuu cal composition of claim 1 wherein the 

detennmed once, 5 months after treatment. Sex hormones M y-«=nved mammalian estrogen is estradiol. 

(ie.,plasmaestradiol,LHandFSH) will tedeterrrdnedonce J' A Pha™aceuacal composition of claim 1 wherein the 

prior to treatment and then 2 months and 5 months after 50 ^Tf^ * is 1 oflavone - 

treatment. Plasma genistein concentrations will be measured - t A pharmaceutlcal 00 

once, 5 months after treatment Vaginal Cytology will be '^jone ,s gerustem. 

done2and5monmsaftertreatmentTodeterrninebodyfat • A P bannac e un cal composition of claim 5 wherein the 

ponderosity measurements will be done before and 2 and 5 „ » daidzein. 

months after treatment Serum will be collected and stored *' A m f motl for reducm 8 me nsk of coronary heart 

for Lp(a) determination disease and osteoporosis in women, the method comprising 

Monkeys will be anesthetized 2 months after starting ^^S^* combination of marnmalian estrogen 

treatment and the left iliac artery denuded using a bXol! ^unt P^™^ » 8 therapeutically effective 

c £Z^Z^t%7^ yusiasstza - • effL^T? 8 wf 7 in -.--^ 

... . J } effective amount is a dady dosage of mammalian estroeen of 

_ inmediately pnor to necropsy, monkeys win be anesthe- about 1-2 mg, and soy-derived phytoestrogen of about 

tized and a catheter advanced from the right femoral artery 25-100 mg. 

to the left main coronary artery for measurements of coro- 10. A metho 

nary artery diameter using angiographic techniques. Vascu- «5 i 



6. A pharmaceutical composition of claim S wherein the 



10. A method of claim 8 wherein the m 



responses of large epicardial coronary arteries will be 11. A method of claim 8 wherein the soy-derived phv- 
asured m response to intracoronarv infusion nf pnrtnihR. m» u. r 
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genistem meth ° d ° f daim U Where ' n ^ koflavone is 16 A method of claim 14 wherein the mammalian estro- 

13. A method of claim 11 wherein the isofiavone is estra * oL 

daidzein. «- A method of claim 14 wherein the soy-derived phy- 

14. An estrogen replacement therapy regimen, comprising s toestrogen is an isofiavone. 

the oral coadministration of a combination of mammalian 18. A method of claim 17 wherein the isofiavone is 
estrogen and soy-derived phytoestrogen in a therapeutically 



19. A method of claim 17 wherein the isofiavone i: 

wherein the therapeutically effective a 
estrogen of abi 
:n of about 25-100 mg. 
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PATENT NO. : 5,516,528 
DATED : May 14, 1996 

INVENTOR(S) : Claude L. Hughes, Edna C. Henley and 
Thomas B. Clarkson 
It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 
Column 14: 

In Claim 48, delete "soy-derived". 

In Claim 49, after the word "the", insert soy-derived . 



Signed and Sealed this 
Fifth Day of November, 1996 
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and derivatives thereof, are more potent inhibitors of 
. ADMINISTRATION OF A cholesterol synthesis and accumulation than 27-hydrox- 

27-HYPROXYCH OLES TEROL OR RELATED ycholesteroL 

COMPOUND OR STEROL-27-HYDROXYLASE Javitt filed Japanese application 107488/82 in 1982, 

STIMULANT TO PREVENT RESTENOSIS 5 published as 019206/91 on Nov. 14, 1991 ("JPA"), 
FOLLOWING VASCULAR ENDOTHELIAL largely corresponding in disclosure to U.S. Pat No. 

INJURY 4,427,688 with insertion of additional information for 

BACKGROUND OF THE INVENTION ^^^1^°^^^ 
Various surgical bypass and angiographic procedures 10 dutsch, et aL, Science, 201, 498 (1978) mentioned that 
are routinely employed for increasing blood flow to an oxygenated cholesterol has an inhibitory effect on the 
organ, usually the heart. These operative and non-oper- proliferation of fibroblasts and lymphocytes in vitro, 
ative procedures injure to a greater or lesser extent the perhaps by inhibiting HMG CO-A reductase, the rate- 
interior wall of the lumen of the blood vessel at the limiting enzyme in cholesterol biosynthesis, which is 
target site. This endothelial injury often leads through a 15 consistent with the idea that cholesterol is essential to 
cascade of events to restenosis. For example, balloon, cell proliferation. Javitt tested this theory by seeding 
laser or rotameter angioplasty, in which a catheter is hamster aortic smooth muscle cells at low density in 
inserted into the arterial system to place a balloon, laser culture wells and coulter counting control and 27- 
or blade at the stenosis, is quite successful in widening a hydroxycholesterol exposed cells six days later. The 
narrowed area of a blood vessel lumen. However, endo- 20 27-hydroxycholesterol at the tested concentration in- 
thehal injury occurs at the sue of the lesion, leading to hinted the proliferation by about 50%. Although a 
restenosis m an estimated 20-40% of patients potential lead, in vitro muscle cell proliferation inhibi- 

mmato a process tha leadstonanowmgof Aemjured « substance for preventjng m ^ In _ 

Zrtf £ ^1^; ^fj rdatedand t ^ to 25 deed, some have interpreted Ihe inhibitory effect by 
study the events that occur followmg endothehal in- mystetoh on vascular musde ^ ^ a to J c 

major current theory for explaining restenosis is ° u > * ^ ^L-fft 
that once the endothelial cells are injured or removed 2 ° 2:7S - 80 > Nassem, et aL Biochem. Internet 14:71-84. 
by the invasive procedure, circulating platelets cover 30 Mso ^ Baranowski, et al., Atherosclerosis, 41:255-260. 
tne denuded areL and release potenfg^owth factors, f.^, ? ha. been «p«^ ^ 1^, do«. of 
such as platelet derived growth factor, which stimulate u^fT^ ^ drug >n a 
the growth and migration of underlying smooth muscle randomized, double blind placebo controlled trial, did 
cells. Other growth factors such as fibroblast growth not decrease restenosis six months following percutane- 
factors have also been implicated. For these reasons 35 ous transluminal coronary angioplasty, although the 
anti-growth factors are being evaluated for the preven- Lovastatm did markedly decrease LDL-cholesterol 
tion of atherosclerosis. leveI ' M expected- This, as of today, the cholesterol 
Many factors are thought to potentially participate in lowering biological activity of a drug, while perhaps 
restenosis. Further, hemodynamic forces responsible indicating potential use in the treatment of atherosclero- 
for the original lesion are not generally alleviated by 40 ^ fe not predicative nor suggestive of use for combat- 
angjoplasty and may be aggravated at plaque disrup- ™8 restenosis. As discussed above, restenosis is a muni- 
tion. The thrombo-resistant nature of the arterial lumen faceted phenomena, distinct from atherosclerosis, and 
is reduced due to the generation of markedly thrombo- the mechanism of which is at best only partially under- 
genic surfaces of complex geometrical configuration, stood. 

and changed permeability characteristics permitting 45 SUMMARY OF THE INVENTION 

possible direct interaction between blood-borne ele- jUMMAKi Ut IHb UNVfcNriON 

ments such as the aforementioned platelets and the arte- Hereinafter, the currently accepted nomenclature for 

rial lumen. In summary, the surgical and angiographic me sterol nucleus involved herein, 27-hydroxycholes- 

procedures necessarily result in injury to vessel walls, terol, is employed. It is understood that this compound 

which results in restenosis in 20-40% of patients. 50 is identical to the compound named 26-hydroxycholes- 

27-hydroxycholesterol (cholest-5-ene-3£,27-dioI) is terol in the prior art discussed above as well as other 

normally present in biological fluid after neonatal life. prior art. 

Recently, the IUB changed certain rules of nomencla- It has now been found that 27-hydroxycholesterol 

rure, and the compound now referred to as 27-hydroxy- effectively reduces restenosis following injury to the 

cholesterol was previously called 26-hydroxycholes- 55 blood vessel lumen which occurs when the lumen is 

teroL Two methyl groups are attached to carbon num- widened by catheter procedure. Therefore, it is an ob- 

ber 25 of cholesterol, but only one can be enzymatically ject of the present invention to provide a method for 

hydioxylated, which was previously named carbon reducing the instance of restenosis which occurs fol- 

number 26, but is now named as carbon number 27. lowing surgical by-pass procedures and percutaneous 

U.S. Pat- No. 4,427,688 by Javitt describes the admin- 60 angiographic procedures. Further, it is expected that 

istration of 26-hydroxycholesterol (sic, 27-hydroxy- related compounds such as 25-, 26-, and/or 27-amino- 

cholesterol) and various derivatives and analogs thereof cholesterol will have a similar effect on the blood vessel 

for reducing cholesterol synthesis and/or cholesterol lumen. 

accumulation in the body tissues; hence, teaching the Another object of the present invention is to provide 

use of 27-hydroxycholesterol compounds for the treat- 65 a method for reducing the occurrence of restenosis after 

ment of atherosclerosis. Thereafter, as disclosed in U.S. balloon, laser or rotameter angioplasty. A further aspect 

Pat. No. 4,939,134, Javitt, et aL discovered that 27- of the present invention involves the administration of a 

aminocholesterol and certain ammo-substituted analogs 27-hydroxycholesterol or related compound immedi- 
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to administer said compound to a patient in a 



a in an aqueous solution of a /3-cydodextrin 
such as 2-hydroxypropyl-/J-cyclodextrin. 
In another embodiment of the p: 

sterol 27-hydroxylase stimulant it 

thereby increase the synthesis of 27-hydroxycholesterol 
in the vascular tissue, this aspect of the invention based 
on a finding of sterol 27-hydroxylase activity in aortic 
endothelial cells. 1 
it to the 



:o the lumen of a blood vessel as and diethers. Most usually, fatty acid, the same or analo- 
gous to those naturally occurring, would be used to 
form the esters, but other inorganic and organic esters, - 
. . „ - . c such as acetates, the sulfates, carbonates and glucuro- 

U still another embodiment of this invention, the 5 nides, routinely employed in preparing pharmaceuti- 
t^T h0l ^° l0rr f^^^ diSadininiS - ^ • cee P** s esters could be useA EKi 
teredorally or intravenously, preferably mtravenously and/or etherification can occur at the 3- and/or 27-posi- 
tion, or at carbon positions 6 or 7 when R2 is hydroxyl. 
ArvJ and/or alkyl ethers, such as methyl, ethyl or cy- 
1 10 cloalkyls (i.e., cyclopentyl ethers) are contemplated. 
Furthermore, acid salts and various substituted com- 
pounds, for example, those containing elements such as 
fluorine commonly used in modification of steroid-type 
compounds, as long as pharmaceutically acceptable, 

5 "^fi-tion can be through the use of iiouid and 
"tatoWnw descnpt.cn of the m- ^ formulations ^ ^ thl(Mgh the ^ o? mjecta . 

bles, such as intravenous injectables, wherein conven- 
DETAILED DESCRIPTION OF THE tional pharmaceutical carriers would be employed. 

INVENTION 20 Suitable pharmaceutical preparations include tables, 

The compounds for use in the practice of the present ca P sales ' ° ral ***** ™ d Parenteral injectables. Tablet 
invention are, in general taown uTtiS anl maTb^ formulations can be employed utilizing 

represented by the fcZ^^Z: * fonvenbonal chluents exctpients and the like such as 

6 lactose in conventional capsule and tablet-making pro- 

25 cedures. Parenteral injections could employ solvents 
* conventionally used with lipid-soluble materials, or a 
salt of the sterol could be prepared, at least some of 
which should be soluble in aqueous solvents. 

It has been difficult to form aqueous solutions of the 
compounds found herein for parenteral administration. 
None of the vehicles commonly used to solnbilize ste- 
roids and bile acids, such as propylene glycol, ethanol, 
dimethyl sulfoxide or dimethyl formamide, is able to 
maintain solubility when diluted with aqueous media. 
As disclosed by DeCaprio, Yen and Javitt, Journal of 
Lipid Research, Vol. 33, pp. 44W43, 1992, 27-hydroxy- 
cholesterol and it is expected the related compounds 
involved herein, can be stabilized in aqueous media by 
indusicoofacyclodextrintherem.Ithasbeentheorized 
that the cyclic structure of the cyclodextrin provides a 
lipophilic interior in which compounds that have lim- 
ited aqueous solubility will form a soluble complex. The 
/3-cyclodextrins usable for this purpose are known in 
s the art and are inclusive of the 2-bydroxypropyl-0- 
cyclodextrin described by DeCaprio, et al„ supra. 
Other non-toxic cyclodextrins would be usable. 

The compounds of the present invention are adminis- 
tered in amounts ranging from 10 mg/kg to 100 mg/kg, 
is substituted at 50 P referabl y ab out 20 mg/kg to 40 mg/kg, 1 to 3 times a 
position LI. day. 

A preferred group of compounds for use in the prac- one embodiment of the present invention, the com- 

tice of the present invention are those within formula (I) P ouad of the present invention is administered as a 

wherein the 27-position (R3) is substituted by hydroxyl boIus ' em P lovu »g a dosage toward the upper end of the 

or amino and each of R4 and Rs is hydrogen. 55 above dosage range, immediately prior to, during and- 

At this time, the most preferred compound for use in /or following the blood vessel lumen widening, fol- 

the inventive process for reducing and/or preventing lowed by reduction to a maintenance dosage toward the 

restenosis is 27-hydroxycholesterol. tower end of the above dosage range. It is contemplated 

Other compounds usable herein include 25-amino- that tne maintenance dosage would continue over a 

cholesterol 26-aminocholesterol, 27-amin6cholesterol, 60 Pronged period of time of, for example, 1 to 5 months. 

27^or-25-amino-cholesterol, 25-amino-choIesta-4,6- ^ following example is provided to illustrate the 

dien-3-one, 25-amino-cholest-4-en-3-one, 22-aminocho- above-described aspect of the present invention: 

lest-5-en-3,B-or, 20-anmio-25,26,27-trinorcholest-5-ene- pyampttji 

3,B-ol, 25-amiiK><holesta-3,5-dien-7-one. fcXAMPLE 1 

to a patient, the compounds of the 65 Valcular Injury Model 
a be provided, per se, or as the 




wherein Ri is hydroxyl or keto; R2 is hydrogen, hy- 
droxyl or keto; R3 is hydroxyl, hydrogen or amino; R4 
and Rs are hydrogen or amino; with the provisos that 4 
when R3 is hydroxyl both R4 and R5 are hydrogen and 
when R 3 is not hydroxyl, at least one of R3, R4 and R 5 
is amino (— NH 2 ) and the other(s) of them are hydrogen 
or amino, and pharmaceutically acceutable derivatives 
and salts thereof. In formula (I), P 



tieauy acceptable derivatives thereof such as them 



New Zealand white rabbits weighing 2.6 to 5.1 kgs 
were anesthetized with intramuscular ketamine 35 
mg/kg. Additional injections of ketamine (100 mg/cc) 
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and xylazine (20 mg/cc) in a 50/50 mixture were given trol group and the 27-hydroxycholesterol group was 

asnecesary ra 1 ml increments. Keflin(Eli Lffly & co.), not statistically significant. With a suggestionof utility, 

30/mg/kg was given intravenously (IV). A longitudinal a further run was carried out wkh increased 
incision was made on the medial aspect of the distal 

bind limb to expose the greater saphenous artery. Arte- 5 Run II 27-hydroxycholesterol dosage, 

tomSto^wdtla^oiel^S ^o!^ Oontal ( vehicte alone) and 27-hydroxycholesterol 

wTinttSu^^ test rabbits were used as in Run I, with the exception 

SgSS^rrxtets^wS: ssr^^ 

drawn from the abdominal aorta with the balloon in- 10 te ~^ olv | ^ < . m 5 0 ^ «% HPBCD subcutaneously 
flated to a pressure of about 20 rnmhg. This maneuver ° n ^ ^ 0re Snrgery ' *** of md on 

was repeated for a total of three passes. The catheter days 1 to 14 followm S surgery, 
was removed, and the saphenous artery was ligated. 

The wound was irrigated and closed with 4-0 Dcxon quantitative histological evaluation 

SUture - IS OF ARTERIAL WALL 14 DAYS 



The abdominal aortas were fixed by perfusion with T« (20 rabbits) ' 
glvrtaraldehyde at physiological pressure via a catheter ~ 



(14G Intracath) placed in the left ventricle. One m^^ 20 „ „ , 
longitudinal sections of epoxy embedded aorta speci- . 2'-hydroxychoIesterol reduced degree of intirnal 
mens were cut, stained, and computer imaged. The thickening by nearly \ as compared with the control 
entire intrmal and medial areas in more than 2 sections & ou P- 

per specimen were measured using Lucida computer ^ a second aspect of the present invention, a sterol- 
calciilation (Micro Brightfield, Inc.). The degree of 2S ^-hydroxylase stimulant is adrninistered to increase the 
intirnal thickening was determined by calculating the sterol-27-hydroxylase activity present in vascular tissue, 
intirnal to medial area (I/M) ratio. Statistical signifi- the presence thereof in vascular tissue being heretofore 
cance of the difference in mtimal/medial ratio between unknown. In this manner not only is the available 
groups was calculated using student t-test. amount of 27-hydroxycholesterol enhanced since it is 

R x 3q one of the major metabolites from sterols-hydroxy- 

lase activity, but the 27-hydroxycholesterol is produced 

Using the above procedure, a study was carried out in the cells at the location where it is best utilized by the 
employing five control balloon injury rabbits and two body in reducing and/or preventing restenosis, 
groups, each of five balloon injury test rabbits, for re- The sterol 27-hydroxylase activity in bovine aortic 
caving 27-hydroxycholesterol or suramin, the latter 35 endothelial (BAE) cells in culture has been compared 
having been shown to inhibit intirnal proliferation. with that in Hep G2 cells and in Chinese hamster ovarv 

^6,y^^ sr m^27- hyd ro T ^ (CH 0) cells uLg identical cultnre^So^ T^ 

bFGF was adn^edXoughou\ &e tL&g pS ^^tly greater than that in CHO cells (0.002 nmol/72 
On the day of surgery, a short time prior totfe l ™ eenZyme was identified in BAE cells 

loon angioplasty, the five test rabbits were administered ^ Weste ™ Wottmg using an antibody of proven speci- 
another 5 rag of 27-hydroxycholesterol in 0. 5 ml A< and * metaboIltes 27-hydroxycholesterol and 

HPBCD, and the same dosage was administered to each 3 P-nyaroxy-5-cholestenoic acid were identified by mass 
of the five test rabbits twice a day on days 1 to 14 fol- spectrum analysis. The presence of the enzyme in endo- 
lowing the day of balloon angioplasty, in the form of 5 *elram provides a mechanism for providing the bio- 
mg 27-hydroxycholesterol in 0 J ml 45% HPBCD lo & c effects of 27-hydroxycholesterol in vascular tis- 
twice a day. On day 14, the above specimen analysis „ sne - 

was carried out on the fifteen rabbits, with the follow- 50 EXAMPLE 2 

Cell Culture 

Bovine aortic endothelial (BAE) cells obtained from 
55 a slaughterhouse were plated at low density (2X 10 s 

cells/cm 2 ) in IOO-mm dishes and were grown to conflu- 

14-day ence in Dulbecco's modified Eagle medium (DMEM) 

03542 ± or«4 supplemented with 10% fetal bovine serum (FBS), 50 
units/ml penicillin, and 50 units/ml streptomycin at 37° 
<L4ra ± O0238 60 c - in a 5% COz atmosphere. The confluent monolayer 
was rinsed once with Hank's balanced salt solution, and 

— „ „„, ^„ u , » my w<m 4 ml of DMEM containing 10% delipidated FBS and 

h<o.os - either 20 uM cholesterol dissolved in 2-hydroxypropyl- 

^-cyclodextrin or an equivalent amount of vehicle 
This run suggests an improved intima/media ratio 65 alone was added to each dish. Hep G2 cells and Chinese 
through the adrrrinistration of 27-hydroxycholesteroL hamster ovary cells (CHO) were cultured under identi- 
However, the results were not as good as with suramin cal conditions and for the same length of time. At 24-h 
and when calculated, the difference between the con- intervals the media and cells were harvested. The me- 
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dium obtained from each dish was analyzed for metabo- 
lites. Cells were pooled for immunoblot analysis. Results 

Western Blotting . *j««P«*« and the retention times of 27- 

-.„ . . hydroxyeholesterol and of 3B-hydroxy-5-cholestenoic 

Samp es were subjected to electrophoresis on a 10% 5 acid isolated from the sterol-free medium that was in 
SDS-poIyacrylamide gel and were transferred onto a contact with BAE cells for 72 h are identical to authen- 

mtrocellulose membrane by an electrophoretic tech- tic standards of the diacetate and methyl ester diacetate 

nique. Antibody was raised in rabbits against residues 15 derivatives, respectively. 

to 28 of the 27-hydroxylase protein. Vfcualization was After the identity of these compounds was estab- 

accomphshed using an alkaline phosphatase-conjugated 10 listed by complete spectrum analysis, an isotope ratio 

goat and anb-rabbit antibody followed by the Rad-free program was used to compare their rates of synthesis in 

«J f°. r , coIo " metric detection of Western blots sterol-free and cholesterol-supplemented medium. As 

(Schleicher & SchueO, Keene, NJH.). shown in Table I, medium containing 20 nmol/ml of 

Several attempts were made to detect the 56-kb 27- cholesterol yielded a much greater amount of metabc- 

hydroxyiase protein in mitochondria prepared from 15 lites than sterol-free medium. At 72 h the metabolites 

BAE cells, but despite the use of protease inhibitors the represented approximately 5.8% of the cholesterol 

predominant tmraunoreactive band was detected at 35 added to the medium 

kd, with occasionally a faint band at 56 kd. Boiling [(1.029+0.21 l)-{0.103-f0.079)XlOO-=-20]. Although 

freshly harvested whole cells m loading buffer appears the amount of 27-hydroxycholesterol in the medium 

to nave prevented proteolysis. was relatively constant from 24 to 72 h, a progressive 

GLC-MS Analysis increase in the amount of 3fi-hydroxy-5-cholestenoic 
acid occurred. For BAE cells maintained in nonsupple- 

Sample Preparation mented medium the proportion of Cn acid rose from 

To 1 ml of harvested medium, internal standards (500 25 12% at 24 h to 43% at 72 h. In contrast, although the 

ng each) of deuterated 27-hydroxycholesterol, 3/3- absolute amount of the C 27 bile acid that was synthe- 

hydroxy-5-cholestenoic acid (prepared by Jones oxida- sized was greater in cholesterol-supplemented medium, 

tion of the 3-monoacetate of the deuterated 27-hydrox- il represented only 3.8% of total metabolite at 24 h and 

ysterol), and ^3fi-hydroxy-5-cholenoic acid were increased to 17% at 72 h. 

added and allowed to equilibrate for 30 min at room 30 The activity of sterol 27-hydroxylase in BAE cells 

temperature. Following acidification and extraction was compared with that in Hep G2 and CHO cells using 

into ethyl acetate, the dried residue was saponified. In the cholesterol-supplemented medium. As shown in 

some studies solvolysis was also done prior to extrac- Table X the amount of 27-hydroxycholesterol in the 

tion. The dried extract was applied to a Silica gel G medium collected from BAE cells at 72 h was greater 

TLC plate together with authentic standards in parallel 35 1,1311 ^ from Hep G2 cells. The amount present in 

lanes; after development (chloroform/acetone, 97:3) the medium from CHO cells was below our limit of detec- 

standards were visualized by spraying with phospho- tion ( 10 n S assay)- 

molybdic acid and the appropriate areas of the plate The medium from CHO cells always contained a 

were removed for elution of 27-hydroxy-cholesterol smaB amount of 3/J-hydroxy-5-cholenoic acid, which 

and the C 27 and C 2 <v acids. The diacetate of 27-hydroxy- 40 was mttcfa less ibsm that found in the medium from Hep 

cholesterol and methyl acetates of the C 27 and C 24 acids GZ or BAE ceBs - . 

were then prepared using dimethoxy-propane/HCl for Because Hep G2 cells synthesize 3fl-hydroxy-5- 

methylation and pyridine/acetic anhydride for acetyla- cholenoic acid from 27-hydroxycholesterol, the me- 

tion. It was found that complete methylation of the On < ^ ma from all the cell lines was analyzed for this deriva- 

acid with dimethoxypropane/HCl took longer than that 45 tive before and after solvolysis. No increase in the yield 

of the C24 acid. Therefore methylation was allowed to of 3 0-bydroxy-5-cholestenoie acid was obtained after 

proceed at room temperature overnight (approximately solvolysis of media derived from Hep G2 or the other 

18 h). Formation of a 3-methoxy derivative by this ^ ^e*- Medium from Hep G2 cells was found to 

prolonged methylation procedure was not detected. contain 3£-hydroxy-5-cholenoic acid, which increased 
50 in amount following solvolysis. 

Isotope Ratio Mass Spectrometry Since all the metabolic products are derived from the 

Using a Hewlett-Packard GLC-MS (Model sterol 27-hydroxylase activity of the cells, the total 

#5890-5970) and a fused sflica column (CP-sil 19 CB, amounts produced by Hep G2 and BAE cells are com- 

0.25 mm i.d., 25 m length; Chrompack, Raritan, NX), 55 parable and are much greater than that from CHO cells, 
the appropriate TLC fractions were injected in the 

splitless mode with temperature programming from TABLE 1 

260° C. to 270° C. at 1.0° Cymin and a column head 

pressure of 5 psi. 
To quantify 27-hydroxycholesterol the detector w 



for m/z 426 [mol ion diacetate=486-60 (acetate)]and 
m/z 430, and the amount of endogenous 27-hydroxy- 
cholesterol was calculated from the respective areas. 
For the C 27 acid the ion pair that was used was m/z 412 



0150 



5,376,652 



TABLE 1-contmued 



Synthesis of 27-hydroxychoIesterol and 
3/3-hydTOxy-S-cbokstesoic acid by BAB Cells- Ti 
effect of ch - 



when R 3 is not hydroxy], at least one of Rj, and R 5 
is amino ( — NH2) and the others) of them are hydrogen 
or amino, and pharmaceuticaUy acceptable derivatives 
and salts thereof. 
' 2. In a process wherein in a mammal, a therapeutic 
procedure is carried out to reduce or remove a stenosis 
present within a lumen of a blood vessel, the improve- 
ment to reduce the degree of restenosis which com- 
prises administering to the m 

of formula (I) 




From the above, the positive effects of this invention 
on restenosis can be provided by stimulating the sterol v . „ . . 

27-bydroxylase activity of the vascular endothelium. 30 w herem Ri is hydroxyl or keto; R 2 is hydrogen, hy- 
Various stimulatory mechanisms are known, such as by yl or keto = R3 * hydroxyl, hydrogen or amino; R4 

the administration of steroid hormones, such as the Rs ^ hydrogen or amino; with the provisos that 

naturallyoccuning sex hormones estrogen and testos- when R 3 « hydroxy] both R4 and Rj are hydrogen and 
terone. when R 3 is not hydroxyl, at least one of R3, R4 and R s 

The skilled artisan will be able to select other natural- 35 is amino ( — NH^) and the other(s) of them are hydrogen 
ly-occurring and synthetic steroid hormones for use in or amino, and pharmaceutically acceptable derivatives 
providing a sterol 27-hydroxylase stimulant effect and salts thereof. 

Variations of the invention will be apparent to the 3 - The process of claim 1, wherein R 3 is hydroxyl or 
skilled artisan. amino and each of R4 and R 5 is hydrogen. 

What is claimed is: 40 4. The process of claim 2, wherein R 3 is hydroxyl or 

1. in a process wherem in a ma mm al , a therapeutic amino and each of R* and R 5 is hydrogen. 
J™, "^ C T 1 ° m ? f « ° r la ?°Z e 3 stenosis 5 " ^ P rocess ^ claim I, wherein the compound of 
^o^^ll^^l^^ • — -«? * ^^^T-hydroxycholestLol. 

msrer- e. The process of claim 2, wherem the compound of 
it of a 45 formula (I) administered is 27-hydroxycholesteroI. 

7. The process of claim 1, wherein the compound of 
formula <T) is administered in a pharmaceutically ac- 
ceptable carrier comprising an aqueous medium con- 




stabilize the compound of formula 
(I) in the aqueous medium. 

8. The process of claim 2, wherein the compound of 
formula (I) is administered in a pharmaceutically ac- 
ceptable carrier comprising an aqueous medium con- 
taining a pharmaceutically acceptable cyclodextrin in 
sufficient amount to stabilize the compound of formula 
(T) in the aqueous medium. 

9. The process of claim 1, wherein the therapeutic 



10. The process of claim 2, wherein the therapeutic 
procedure is a surgical procedure. 

11. The process of claim 1, wherein the therapeutic 
procedure is balloon, laser or rotameter angioplasty. 

wherem R t js hydroxyl or keto; R 2 is hydrogen, hy- 65 12. The process of claim 2, wherein the therapeutic 
droxyl or keto; R 3 is hydroxyl, hydrogen or amino; R4 procedure is balloon, laser or rotameter angioplasty 

wnef R^ bv^T^T 10 ^^ 1 ^W*™ ** U PrOCCSS of cbim 1 whereil1 * e therapeutic 
when R 3 ts hydroxyl both R4 and R S are hydrogen and procedure is balloon angioplasty. 
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14. The process of clatm 2, wherein the therapeutic 2L The process of claim 1 wherein the compound of 
procedure is balloon angioplasty. formula (I) is administered after the therapeutic proce- 

15. The process of claim 1, wherein the compound of dure. 

claim lis administered man amount of about 10 to 100 22. The process of claim 2 wherein the compound of 

a &*&± to3tanes *< b ?- 5 formula (I) is administered after the therapeutic proce- 

16. The process of claim 2, wherein the compound of dure. 

claim 1 is administered in an amount of about 10 to 100 23. In a process wherein in a mammal, a therapeutic 

m ^T%} to 3 tanes a procedure is carried out to reduce or remove a stenosis 

17. The process of claim 1, wherein the compound of present within a lumen of a Wood vessel, the improve- 
formula (I) is administered as the compound itself or as 10 ment to reduce the degree of restenosis which com- 
a mono- or di-ester, or mono- or di-ether thereof. prises administering to the mammal a sterol 27-hydroxy- 

18. The process of claim 2, wherein the compound of lase stimulant in an amount sufficient for reducing said 
formula (I) is administered as the compound itself or as degree of restenosis. 

3 m «^ 0r di " eSter> or mon °- or di-ether thereof. 24. In a process wherein in a mammal, a therapeutic 

19. The process of claim 1 wherein the compound of 15 procedure is carried out to reduce or remove a stenosis 
formula (I) is administered prior to, during and/or after present within a lumen of a blood vessel, the improve- 

,?^ peutic P rocedure - ment to prevent restenosis which comprises adrninister- 

20. The process of claim 2 wherein the compound of ing to the mammal a sterol 27-hydroxylase stimu 
formula (I) is administered prior to, during and/or after an amount sufficient for preventing restenosis. 
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